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An important test of 18-in. nickel-steel Harveyized 
armor plate took place at Indian Head on March 11. 
The plate was made by the Carnegie Co., and was a 
sample of 300 tons to be used as side-armor on the 
battle-ship “Oregon.’’ The plate weighed 38 tons, and 
was subjected to the fire of a 12-in. gun at 200 ft. 
range. The plate measured 17 x 7% ft., was 18 ins. 
thick In the thickest part, and at a point 3 ft. from the 
base it was beveled down to 8 ins. to meet the pro- 
tective deck. The first projectile fired was of the Car- 
penter type, and a powder charge of 295 Ibs. was used 
This shell struck the thickest part of the plate, pene- 
trated 4 ins. and left the point of the projectile 
welded in the plate; the remainder of the shell flew 
into fragments. No radical crack followed. In the 
second shot from the same gun, the powder charge 
was Increased to 395 Ibs., giving an Initial velocity 
of 1,956 ft. per second. This shell struck 2 ft. to the 
right of the first shot, entered 7 ins., and the shell was 
again broken, leaving the point imbedded. A long ver- 
tical crack was made extending from the top to the 
bottom of the plate; but it was so narrow that it was 
dificult to determine how deep it extended, and there 
were no longitudinal cracks. The test was deemed thor- 
oughly satisfactory, and the armor it represents will be 
accepted, At the same time a 9-in. cast steel chromium- 
hardened plate was submitted for test by the Midvale 
Co. This plate is cheaper to manufacture than forged 
plate, and 2 ins. of the face only was hardened by 
chromium; the remaining 7 ins. being plain steel with- 
out nickel alloy. A shot from a 6-in. rifle, with an 
initial velocity of 2,156 ft. per second, penetrated only 
3 ins., but caused a break clean through the plate. As 
the officers present expected a clear penetration, with a 
shattered plate, the result was deemed fairly good. 


The 40-ton travelling jib crane for the Mare Island 
navy yard has been tested and found satisfactory. The 
crane is carried on 20 double flanged wheels, running 
on a track of 20 ft. gage, laid with 100-Ib. rails, along 
two sides and the back of the dock, the curves being 
66 ft. radius. The total height to top of boom is 54 ft., 
and the total width is 24 ft. The crane weighs 200 
tons, and has a counterbalance of 120 tons. It can be 
revolved in two minutes, and hoists 40-ton loads at 7 
ft. per minute, and 15-ton loads at 15 ft. per minute. 
It was built by the American Hoist & Derrick Co., of 
St. Paul, Minn. 


Combination open and closed electric cars are being 
introduced by the Milwaukee Street Ry. Co., of Mil- 
waukee, Wis. They are 40 ft. long, one-half being 
closed and the other open, the latter having transverse 
seats, and each part seats 18 passengers. The cars 
are carried on two four-wheel trucks, and are lighted 
by 15 electric lights, 
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The speed of a large number of the electric cars in 
Brooklyn, N. Y., is being measured by special in- 
spectors. On one day 13 cars were reported as making 
from 12 to 20 miles per hour, and on the next day 20 
out of 24 cars timed exceeded the limit of ten miles 
per hour. A large number of cars have been timed, 
two men riding on each car and noting the time of 
starting and stopping, the distances being afterwards 
measured. Speeds of 12 to 20 miles an hour were 
common, the maximum being nearly 30 miles. The 
records show that the cars run at 16 to 20 miles per 
hour past the public scheols. 


The Sioux City (Ia.) elevated railway, 1% miles long, 
with 3% miles of surface road, running into the sub- 
urbs, was sold, with all equipment, on Feb. 23 to Mr. 
DD. M. Robbins, of St. Paul, Minn., for $50,000. This 
elevated road consisted of a double-tracked steel struct- 
ure, and was built, to be operated by steam, in 1S90- 
91, at a cost, without equipment, of $290,000. It was 
afterward remodeled for operation by electricity. The 
road has been in a receiver's hands for three years, 
and was sold at Sheriff's sale to pay liens amounting 
to $28,000, the receiver's expenses and cost of chang- 
ing motive power, taxes, etc., amounting to $30,000. 
Mr. C. F. Loweth, M. Am. Soc. C. E., of St. Paul, 
Minn., was chief engineer when the road was built. 


Private observation electric cars have been built by 
the Laclede Car Co., of St. Louis, Mo., for the Phila- 
delphia Traction Co. and the New Jersey Consolidated 
Traction Co. Each is a four-wheel car, elaborately 
decorated and finished, the body forming a saloou, 
fitted with upholstered chairs, lockers for refreshments, 
ete. The platforms are of exceptional length, 5 ft. 6 
ins. long, enclosed by ornamental railings, and having 
seats against the ends of the body. The cars are 16 ft. 
long over the body, 28 ft. 9 ins. long over all, 7 ft. 6 
ins. wide over the body, 6 ft. 6 ins. wide over the sills 
and 11 ft. 7% ins. high from rail to 
board on the roof. 


top of trolley 





The most serious railway accident of the week was 
a collision caused by a misplaced switch on the South- 
ern Ry., near Scotland, Ga., March 8. The switch is 
said to have been opened by train wreckers, and the 
Florida vestibuled express was turned onto a side- 
track, where it collided with a number of freight ears. 
The train consisted of three Pullman cars, two day 
cars and a mail and express car, all of which were de- 
railed, some of the cars being overturned. Two of 
the passengers were killed and about eight injured. 





The rear driving axle of a Boston & Maine R. R. 
locomotive hauling a passenger train into the Boston 
union station on March 6 broke near one of the wheel 
seats while the engine was crossing the Charles River 
drawbridge. One of the driving wheels fell into the 
water, and the side rods were bent out of shape, but 
the engine was stopped before it had run many feet. 


The falsework of the Neosho River bridge on a coal 
branch of the Missouri, Kansas & Texas Ry., near 
Parsons, Kan., collapsed Feb. 28, throwing three men 
into the river. 


A locomotive boiler explosion occurred March 0 on 
the Pennsylvania R. R. The engine was hauling a 
westbound express train, and was running at high 
speed near Cove, Pa., 11 miles from Harrisburg, when 
the accident occurred. The engine was thrown into 
the air, and the mail and baggage cars were derailed. 
The fireman was killed, and the engineman seriously 
injured.—A similar accident occurred March 2 on the 
Georgia Central R. R. The engine was hauling a 
freight train near Weems, Ala., when the boiler ex- 
ploded, killing the engineman and fireman, while sev- 
eral cars were derailed by the shock. 





An improperly covered blast in an excavation at 103d 
St. and West End Ave., New York, on March 8, threw 
rocks in all directions, doing serious damage to a num- 
ber of neighboring buildings. 


An explosion of natural gas occurred at Anderson, 
Ind., March 5, almost completely wrecking an entire 
business block, and involving a loss of $400,000, while 
streets were torn up by the explosion and much dam- 
age caused by the flying debris. 


The deepwater terminal property at Halifax, N. 8., 
was practically destroyed by fire Feb, 27. the loss 
in property and freight amounting to about $1,000,000. 
The fire was started by the heater on a freight car, 
and soon extended to the wharves, freight sheds, 
bonded stores, coal yard and several ships. 





A large stern-wheel passenger steamer on the Ohio 
River was wrecked March 8 at Cincinnati, 0., by 
striking sideways against one of the channel piers of 
the Chesapeake & Ohio Ry. bridge. The steamer was 
the “Longfellow,” of the Cincinnati, Memphis & New 
Orleans Packet Line, and was starting on a regular 
trip to New Orleans, but in approaching the bridge 
was caught by the current and dashed against the 
pler, on the Kentucky side of the river, the force of 


in passing will be 5.3 
be 18 cts. per net register ton, loading capacity It is 
expected that 
OOO tons, will use the canal annually, and thus avold 


details of this canal were given in 
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Fortunately the 
hand, 


the current breaking the boat in two. 
company’s harbor boat was close at 
assist the vessel in the dangerous passage, and 
of the 40 passengers were rescued by this steamer, bu 
two passengers and three of the crew 


trying to 


Thos 


were lost 





The inquiry as to the cause of the collapse of the 
four flat-houses on Orchard St., New York, 
week, has resulted in a verdict by the « 
to the effect that the accident was due to fauliy ce 
sign, careless supervision of the plans, criminally bad 
construetion and criminally negligent inspection. The 
opinion was given that the Building Department and 
its system of examining plans and inspecting buildings 
need a thorough reorganization. 


noted las 


vrohers jury 


The North Sea Canal will be officially opened tw 


tratlic, by Emperor William, on June 20 next This 
canal connects Kiel, on the Baltic Sea, with Bruns 
buttel, on the River Elbe, below Hamburg, crossing 
the Prussian province of Holstein. Work was com 
men¢ed on June 3, 1887. Its length is 53% miles 
average depth, 20% ft.; bottom width, 72 ft., and 
width at water surface, 213 ft. The speed allowed 


miles per hour, and the toll will 


about 18,000 ships, representing 7,500 


the passage from the North Sea to the Baltic by way 
of the Skager Rack and Cattegat Ships bound 

Bremen will save 322 miles, and those to Hamburg 
424 miles, while German warships can now pass to the 
North Sea without going through foreign waters he 
estimated cost of $37,440,000 was not exceeded Full 
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of Aug. 1, 1801, and March 26, 1S. 

The report of the U. 8S. Commissioner of Patents 
for the year ending Dec. 31, 1804, says that out of 
38,344 applications for patents, 20,803 were granted 


and 12,920 patents expired. In proportion 
tion, Connecticut obtained more patents 
other State, 1 to every 903 inhabitants; 
came next, with 1 to every 1,355, and the 
Columbia had 1 to every 1,379 inhabitants 
expenditures of the office for the year 
047.12, and the receipts exceeded expenditures 
$87,392.46. Th total balance in the U. 8. 
the credit of the U. 8. 


to popula 
than any 
Massachuseti» 
District of 
The total 
were $1,100 
bey 


to 





Treasury 
Patent Office is $4,360,135.01 


The income account of railways in the United States 
for the year ending June 30), 1804, is separately pub 
lished by the Interstate Its 
chief points are given in the Eight Annual Report, re 


Commerce Commission 


viewed in our issue of Dec. 13, 1804; but among the 
newer information is a statement of defaulting rail 
way corporations. On June 30, 1804, 156 railways 


were in the hands of receivers, 106 of which failed ta 
the fiseal year 1893-04. These lines aggregate 38,870 
miles in length, and represent a total capitalization of 


$2,500,000,000, about one-fourth of the total railway 
capitalization of the country. In this list 28 im 
portant companies represent about 80°, of the total 


mileage and 79% of the total capital involved. The 
commission goes on to say that investigation shows 
that these 156 lines were burdened with indebtedness 
difficult to carry in prosperous times, and out of the 
total only 28 lines had paid any dividends to stock 
holders in the last 14 years. 


A cable tramway, located 30 ft. above the crest of 
Niagara Falls, is projected by the Aerial Tramway Co., 
now asking a charter from the New York legislature 
The company proposes to erect towers and landing 
stages on each side of the river, and to stretch a 
double set of cables across the river, over the Horse- 
shoe fall. From these cables a passenger car would be 
suspended by trolleys, and would be run back and forth 
by electricity. The cables would each have a safety 
factor of ten, and the car could be stopped anywhere 
on the line. Mr. George W. Pound, of Lockport, N. 
Y., is one of the directors of the company. - 


The East River bridge, to connect Broadway, Brook 
lyn, with Grand St., New York, may be built by the 
city of Brooklyn, the Mayor of that city having 4!- 
rected the preparation of a bill for this purpose, and it 
is understood that the bridge company, which has been 
hindered by financial difficulties, will make no opposl- 
tion. 


Work on the erection of the large highway bridge 
over the Mississippi River at Red Wing, Minn., is 
progressing rapidly. The piers are all in, and the main 
span, 420 ft. long, and the Red Wing approach, are 
nearly completed, and the falsework, 68 ft. high, 
which was erected on the ice, has been removed. All 
material, about 550 tons, is on the ground, and Mr. 
Cc. F. Loweth, M. Am. Soc. C. E., of St. Paul, chief 
engineer, states that the work will be completed about 
April 15. Mr. H. L. Hammond ts superintendent 
of erection for the Toledo Bridge Co., the contractors. 
with Mr. W. E. Schroeder as assistant. Mr. L. P. 
Wulff, City Engineer, is in charge of the city’s inter- 
ests. 
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A NEW DARIEN SHIP-CANAL ROUTE, 

For some time past items have been going the 
rounds of the daily press, stating that Mr. Gus- 
tavus A. Karwiese had discovered a very short 
and comparatively cheap route for a ship canal to 
connect the waters of the Atlantic and Pacific 
oceans. We are now enabled to present this pro- 
ject to our readers, through the courtesy of Mr. 
Frederick M. Kelley, who has for the last 30 
years been prominently identified with Isthmaic 
ship-canal enterprise. 

Mr. Karwiese, in letters now before us, claims 
that he has been investigating ship-canal routes in 
Central and South America for the last 28 years, 
and has personally made eight instrumental surveys 
of the route he here presents; though he says that 
more elaborate and costly investigation would have 
to be made before exact estimates of cost could 
be furnished. 

Unfortunately for our purpose, the only data 
available for a description are the accompanying 
sketch map and the statements and estimates of 
Mr. Karwiese himself, confessedly founded upon 
somewhat uncertain data and information. ‘This 
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for the river course on the west he plans a width 
suflicient for the passage of four ships abreast; but 
does not give exact dimensions, 

He says that the approaches to the tunnel will 
be in rock, and the cutting will average 188 ft. 
deep for about 1,800 ft. on each side. His total 
estimate of cost for the canal is $48,000,000. .1n 
this he estimates $11,000,000 for the tunnel, though 
he says Chicago contractors figure it at $8,000,000. 
It should be said that at the eastern end the River 
Tolo lies on the line of ‘the canal, and this he pro- 
poses to dredge out for 244 miles, to the point A. 
From the mouth of the Tole River to the point B, 
where he proposes an entrance lock, is 5 miles. 


a a = ~3 
THE DESIGN OF LOCOMOTIVES FOR FAST 
PASSENGER SERVICE. 
By Hugh Sharp. 

As yet no distinctive type of locomotive has been 
evolved which can be accepted as indisputably su- 
perior to any other for fast express service, The 
Baldwin “Columbia,” for instance, and the New 
York Central “999,” both doing the same class of 
work, have little in common but the size of their 
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A PROPOSED ROUTE FOR A DARIEN SHIP CANAL. 


material is, therefore, given merely for what it is 
worth, as an addition to American interoceanic 
canal literature. 

As shown on the accompanying map, his canal 
route lies through the state of Colombia, between 
the Gulf of Darien, on the Atlantic side, and the 
Bay of San Miguel, on the Pacific side. The greater 
part of the route lies to the south and outside of 
the territory included in the Panama Canal con- 
cessions made by the state of Colombia. Mr. Kar- 
weise says that, commencing on the Pacific side, 
there is about 11 miles of free navigation up the 
Bay of San Miguel and the Tuyra River, and he 
proposes to dredge out and rectify the remaining 
part of this river up to the point H, on the map, 
where he locates his first tidal lock, about 60 miles 
from the Pacific along the present crooked course 
of the river and bay. He claims that there is 38 
ft. of water for about 11 miles of this line and that 
over the remainder dredging is easy. 

He commences what he calls his canal proper at 
the point H and follows the Javiesa River and 
valley until the main ridge of the Cordilleras is 
reached at T, where he proposes a tunnel 11,880 
ft. long, through the mountain. His canal ter- 
minates between Capes Acanti and Tolo, on the 
Gulf of Darien, in a naturally protected harbor. 
The length of this section he fixes at 285¢ miles; 
that is, from the lock at point H to the Darien en- 
trance lock at B. And from the Pacific Ocean to 
the Gulf the distance would be about 93% miles, on 
the line described. 

The summit of the Cordilleras at the point tun- 
nelled is 1,180 ft. above sea level; and, as he pro- 
poses a tunnel 88 ft. wide and 112 ft. high, this 
would leave nearly 1,000 ft. of solid rock over the 
crown of the tunnel. For the 285¢ miles of canal 
excavation he proposes a width of 88 ft. and a 
depth of 28 ft. 8 ins. He estimates that this would 
allow two ordinary ships to pass each other; but 





driving wheels. An examination of European 
practice shows no more distinct tendency toward 
the general adoption of a single type. European 
locomotive designers still retain their predilection 
for inside connections, notwithstanding that almost 
everywhere else inside cylinders have been tried 
and abandoned. In the same way locomotives 
with a single pair of drivers are still peculiar to 
Great Britain, notwithstanding the fact of their 
success there. The bulk of the fastest and heaviest 
passenger service on the Midland, Great Northern, 
and Great Western railways is successfully per- 
formed by single-driver locomotives. 

On the continent of Europe the compound sys- 
tem is making headway, nearly every practicable 
arrangement being represented. In Great Brit- 
ain, however, the system, after an extended trial, 
has been practically abandoned, except on the Lon- 
don & Northwestern. It is, perhaps, premature 
to offer any decided opinion as to the future of 
compounding in this country; but there appears 
to be a growing feeling that for fast passenger 
service, it presents no advantages over single ex- 
pansion. 

In this country many details of construction have 
been decided purely by local conditions and require- 
ments, and therefore require no comment; but our 
standard practice regarding framing and attach- 
ment of the cylinders to the boiler by means of 
half-saddles cast solid with the cylinders, finding 
no counterpart outside America, is worth remark- 
ing. Considered.as a disposition of a given amount 
of metal to secure a girder of maximum strength, 
the time-honored bar frame is obviously inferior to 
the slab; and where head-end collisions need not be 
allowed for, and where solidity of track calls for 
no excess of elasticity over and above that pro- 
vided by springs and a flexible wheel-base, its 
retention is of doubtful utility. In some recent 
tenders the slab form has been utilized, and this 
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may be the thin end of the wedge which will even 
ally dislodge the bar frame from favor. The casting 
half-saddles and cylinders together is objection: | 
on account of the excessive weight imposed on ; 
truck axles—an. objection which is intensifjc,; 
the case of modern high engines, where boilers 
large diameters are necessarily carried above | 
driving wheels. 

Although there is no immediate prospect of 
universal set of types, it is certain that during th 
last few years European and American practi: 
have been largely acting and reacting on ex. 
other, and that important modifications have be. 
produced. In this country there is, at last, a: 
unmistakable disposition to use large drivers wher 
high speed is sought, and avoid excessively hig), 
piston speeds. The general opening out of exhaus 
tips, with a consequent reduction of back-pressur+. 
is also characteristic of recent practice, and j), 
both instances is following a lead set by Europe 
for many years. On our side, we may fairly claim 
to have originated a locomotive having high driv 
ing wheels, the shortest possible rigid wheel-base. 
and a boiler of 5 ft. or more in diameter carried 
above the driving wheels—in short, to have prove! 
that a high center of gravity is perfectly compati 
ble with safety at the highest speeds. In boiler 
pressures ‘we have been in the van for years, and 
the phenomenal speeds recorded in recent years 
would not have been possible had we confined our 
selves to 160 lbs. to the square inch, a pressure 
which, with rare exceptions, is not exceeded in 
Europe. Modern American practice favors the 
conjunction of great heating surface with com 
paratively moderate cylinder capacity. Engines 
with 72-in. to 82-in. driving wheels and 19 x 24-in. 
cylinders will very generally have 1,600 sq. ft. of heat- 
ing surface, or more; abroad, it is common to find 
18 x 26-in. cylinders and 1,200 sq. ft. of heating 
surface. Climate is doubtless partly responsible 
for the great boiler capacity usually provided here: 
but mainly, I think, the necessity for making con- 
nections over very long distances (a necessity which 
is not felt to anything like the same extent in 
urope) has rendered it imperative to have an 
engine with a large reserve of boiler power to 
draw upon, capable of steaming freely under the 
most unfavorable conditions of weather, and of 
making up time where schedules exceed 4() miles 
an hour. Travellers in Europe notic: that 
lost time is very seldom made up, and that bad 
weather and late trains accompany one another 
with a certainty which would not be tolerated on 
this side of the Atlantic. Until recent years the 
extended smokebox was seen only in America, but 
it is now occasionally found in continental Europe. 
In Great Britain it has not met with favor in its ex- 
treme development, but its influence may be traced 
in the more liberal proportions which designers 
in that country now generally assign to their boxes. 
The wagon top still remains distinctively Ameri- 
ean, and its use permits the throttle being situated 
immediately over the crown-sheet, where the steam 
is hottest. Many years ago this was the usual 
position of the throttle in Europe, but the intake 
is now usually from the center of the barrel, or 
even further forward. The change of position wa’ 
adopted to avoid the effects of priming caused by 
the violent ebullition over the crown-sheet, where 
there was insufficient steam-room to permit the 
entrained water freeing itself from the steam be- 
fore the latter reached the intake. That the 
amount of valve travel, port area and proportion, 
lap and lead calculated to give the best resuits 
should still be in doubt can only be accounted for 
by the apparently contradictory results obtained in 
actual practice. The particulars of four represen- 
tative locomotives contained in the annexed table 
go to prove that English practice favors relatively 
small port area, short valve travel, and considera- 
ble lead; the heating surface and dimensions of 
cylinders are also quoted to bear out the statements 
made above. 


Total Cylin. Port Lead Valve 
clin heat. er as te infull per. 
ers. ; ns. r. trav. 
Man.. Svan a re. : Tne. se, 
an & 18x26 1%x16 r 
c.R. WGN st F08 20x24 1%x20 1 16 


N.-East. (Eng.)1,341 19x26 2 x14 1% % 
N. Y. Central & 
Hudson Riv.1,930.37 19 x 24 ih x78 1 1-16 5% 
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AUXILIARY SUPPLY OF THE WATER- 
WORKS OF ADDISON, N. Y. 
By H. F. Labelle, Constructing Engineer. 

The water-works of Addison, N. Y., are supplied 
py gravity from an impounding reservoir on the 
east side of the town. This reservoir is formed 
by a handsome masonry dam, which impounds 
about 1,000,000 gallons of water. It is supplied 
from springs located within a half mile above the 
dam. The works were built in 1889 by the Addi- 
son Water Co. 

Oecasionally, when the summer is very dry, these 
springs fail to give the necessary quantity of water 
required for consumption. To supply this deficiency, 
an auxiliary well and pumping plant was designed 
and established in the summer of 1892. 

The plant was located on the west bank of the 
Canisteo River, which flows through the town. 
This part of Western New York lies on the south- 
ern boundary of the glacial drift and water-bearing 
gravel is found in abundance in the valleys of the 
rivers. 

As the auxiliary plant was to be intermittent in 





Half Plan of | 
Completed Well. 





cf Completed Well 
operation, it was deemed economical and convenient 
to establish the pumping station and the well near 
a sawmill, from which the necessary motive power 
would be supplied. 

The supply well is 1214 ft. in diameter and 23 ft. 
deep from the surface of the ground. The exca- 
vation of the well was carried out in the following 
manner, as may be better understood by referring 
to the accompanying plans and sections. A 50-HP. 
engine was put in position near the excavation. 
Two pulleys were used on its driving-shaft, the 
first belted to a 6-in. centrifugal pump, placed in 
the exczvation about 8 ft. below the surface and 
just above water level; the second was used in 
connection with a bull-wheel as a friction wheel. 
On the drum of this bull-wheel was coiled a %-in. 
manilla rope, which went up to a grooved pulley 
placed at the top of a small four-legged derrick 
and then dropped to the bottom of the well to operate 
the buckets. The derrick rested on two 12 x 12-in. 
timbers, 20 ft. long, spanning the excavation. 

A system of levers operated from the platform 
under the derrick worked the bull-wheel forward 
towards the friction wheel, or backward towards 
a 6x6in. horizontal frame, the sides of which 
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supported the bull-wheel pillow-blocks, and the 
back end was used as a brake for the bull-wheel. 

This arrangement permitted us to run the cen- 
trifugal pump independently of the hoisting of the 
buckets. Besides, the hoisting apparatus was com 
pletely under control of the man placed on the plat- 
form under the derrick. A 3-ft. tramway was es- 
tablished on the river bank, with one end running 
under the derrick. A small four-wheel flat car was 
run under the loaded bucket as it came out of the 
hold, and was taken away to be dumped whilst 
the next bucket was being lowered and filled. The 
excavation had to be strongly timbered and tightly 
sheeted, as the ground was very soft. The exca 
vation was stopped at 24 ft., as 8x6-in. timbers 
were beginning to crush. The bottom was then 
floored with two thicknesses of 2x 6-in. hemlock 
laid on 4x 6-in. mud sills, and a sump left for the 
pump suction. 

At this stage of the work the amount of water 
coming into the well was small and flowing mostly 
from a 3-ft. vein of gravel, 4 ft. above the bottom, 
and from which the neighboring wells were taking 


Tom Bowers 


| _2 “Stearn Pipe 


their supply. As this vein was exposed to comtaml- 
nation, it was discarded, and water obtained from 
three seams located, respectively, 7, 14, and 20 ft. 
below the bottom of the well, and separated from 
one another by beds of clay. The size of driven 
pipe which gave the best results was 1%-in. In 
the lower 3 ft. of these pipes were drilled 150 3-16- 
in. holes, and the end was forged to a point. To 
test the yield of each vein, the water was pumped 
out of the well, and the flow in the same during 
five minutes measured; when the last two pipes 
driven did not give any increase in flow, from the 
previous gaging, no more pipes were driven in that 
seam, and the next seam was tapped. Twenty- 
three pipes were driven altogether in the three 
veins, giving a supply of 165,000 gallons per day. 

A 20-in. wall in cement was built from the bot- 
tom to 9 ft. below the surface. At that level the 
well was covered with large flagstones supported 
on 70-Ib. rails, and in the center was placed the 
shell of an old 4 x 10-ft. boiler, to form a manhole. 

This manhole projects 18 ins. above the surface 
of the ground, and is capped with a cast iron cover 
having a 24-in. opening, also supplied with cover; 
the excavation around the manhole is filled to the 
surface. 

The pumping station is a substantial stone. build- 
ing built close to the well, and containing a 500,000- 


Vertical Section of Well under Construction 
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gallon Worthington duplex compound condensing 
pumping engine, operated by steam supplied from 
the saw-mill boilers. Provision has been made in 
the suction main for extensions to another supply 
well, or to a system of driven wells. 

The cost of the plant was as follows: 


156 cu. yds. excavation (including 2-in. hemleck 


sheeting) @ $2.18............5. neees @b.ae es S40 
34.4 cu. yds. stonework in Kosendale cement, @ 

WME Sadeescaus aed 6 Boe Seki cebuv.eedmecdotede’ 200 
SP Tis Be. GREED CIT ok  cccocescenncs ccagessqce 26 
DEE Ganda caeaegus® .O04cenveedeescatetectat » 
DONE ccccvcdoceccaceceec eeventucoseteteané 52 
ee wuileve (+4 ieseuerninkel 10 
UE Sw cteewankeceuses “eo Gh HE PE wEENGs seen eRe 104 
UN Vedsewinecsceennes wed TTT lo 
BUPCSIMUCOMGONES 2 ccccvcscccscvesensse coccause 100 

en WORE GE WE ova cicicdacck os teccSees becekees $851 
Pumping station, setting of machinery and super 

WOE Kevceyad aeneteccs ; deena’ 723 

$1,574 
The Stanwix Engineering Co., Rome, N. Y., were 
the designing engineers, and the writer was the 


constructing engineer. 

In a recent letter Mr. F. H. Wheaton, who is in 
charge of the pumping station, states that the yield 
of the well is still as large, if not larger, than when 
it was put in; that dry weather does not affect it; 
and that the water is good. 


COAL CONSUMPTION IN ELECTRIC LIGHT 
STATIONS. 

At the recent annual convention of the National 

Electric Light Association, at Cleveland, O., the 

committee on “data” presented a report, showing 
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the records of fuel economy attained by 24 differ- 
ent electric lighting stations. In our issue of March 
15, 1894, we published the report of the committee 
made at the convention in 1894, which showed an 
average current output of only 91.7 watts per Ib. 
of coal. The present table is claimed by the com- 
mittee to be more correctly and carefully compiled 
than any presented at any previous convention, and 
shows a more creditable record for fuel economy, 
on the whole, than that presented last year. The 
stations reported in the table include various styles 
of equipment. Thus any central station manager, 
in comparing his records with those given in the 
table, can select those of stations with equipment 
similar to his own. 

The highest economy in the table is shown by a 
station which develops 262 watts per Ib. of coal 
burned, the total output during 24 hours heing 
nearly 23,000,000 watts. This station has friple- 
expansion engines with the dynamo on the engine 
shaft, and horizontal hand-fired water tube boilers, 
with heaters, but without economizers. The fuel used 
is half soft coal and half anthracite screenings. 

Averaging the ten reports in the table from sta- 
tions with an output above 5,000,000 watts per 24 
hours, we find their average record to be 147.5 
watts per lb. of coal, equivalent to a coal Yon- 
sumption of about 4 Ibs. of coal per I. HP. 
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In discussing this report, Mr. W. R. Gardner, of 
the Pittsfield, Mass., Electric Co., read a report of 
a test which he had carried out to find the per- 
centage of operating expenses in an electric station 
assignable to different heads. The test was for 24 
hours, during which the total output was 4,313,846 
watt-hours. The results of the test are summar- 
ized as fellews: 


Percent. of 
total cost. 

1. Cost of steam (coal and water only).... 33.8 

2. Cost at throttle of engine ( — Item 1 
p.us wages of firemen,repairs of boilers, 
iuterest on boiler room investment, fire 
and boller insurance on same, depre- 
ciation on boilers at 5%) 

3. Cost at switchboard (=Item 2 plus 
wages of engineers, dynamo tenders, 
mechanic and wiper, repairs electric 
and steam plants, ojl and waste, Iinter- 
est on steam and electric plants and 
on real estate, insurance on engine and 
dynam@ rooms and contents) 

Jost at lamp or motor without deprecia- 
tion {=Irem 8 plus general salaries, 
office expenses, cost of carbons, globes, 
incidental expenses, incandescent lamps 
legal expenses, repairs lines,interest on 
investment in lines, taxes, wages of 
wiremen and wiring supplies) 

Cost at lamp or motor with depreciation 
(-=Item 4 plus depreciation at 5% per 
annum on all parts on which deprecia- 
tion has not been already allowed). 


Item. 


100.0 


METHODS OF CLEARING AWAY RAILWAY 
WRECKS. 


At the January meeting of the New York Rail- 
road club, Mr. W. L. Derr, Division Superintendent 
of the New York, Lake Erie & Western R. K., 
read a paper on “Appliances and Methods for Clear- 
ing Up Railway Wrecks,” which brought out an 
interesting discussion, and from which we abstract 
the following particulars: The general subject of 
wrecking train equipment and operations was dis- 
cussed in our issues of June 7 and Oct. 11, 1894, in 
which articles particulars were given of the prac- 
tice on several roads. 

The derrick and derrick car are the most 1m- 
ol outhit, and hand der 
becn largely superseded by derrick cars 
The Chieago, Burlington & Quincy 
R. R. uses a heavy 40-ft. derrick car having two 
masts, one operated as a derrick by hand gear, and 
the other having the rope led down through the 
tloor and between the sills to the rear of the car, 
the end of the rope having a shackle by which it 
can be attached to a locomotive, All parts of the 
derrick and machinery should be designed with a 
high factor of safety, to withstand the impact due 
to sudden heavy shocks. The hoisting tackle should 
be of chain or wire rope for very heavy weights, 
and the best quality of pure manila rope for lighter 
weights. Only iron or steel tackle blocks should be 
used in lifting. A spring shock-arrester may be at- 
tached to the lower tackle block, consisting of a 
cylindrical case containing a heavy coiled spring 
earrying the hook bolt to which the load is at- 
tached. Steam wrecking machines should have sills 
of plate girders, I-beams or channels, sufficiently 
deep to give vertical stiffness, and well braced 
laterally. The frames for the machinery should be 
of heavy iron or of steel, with the bearings for the 
movable parts formed in them. The power should 
consist of at least one pair of reversible engines, 
coupled together, and the crane may be mounted 
on a turntable, the boiler, coal bunker and water 
tank forming the counterbalance to the boom. The 
machinery should have lifting, lowering and revolv- 
ing motions, raising and lowering motions for the 
boom, and self-propelling gear, while provision 
should be made for revolving the crane in either 
direction without reversing the engines. Straight 
booms are usually of I-beams or channels, while 
curved booms are usually plate girders. To anchor 
the car while making a side lift, two or more out- 
riggers are used, each consisting of a pair of I- 
beams, placed below the sills, and so fitted that 
they may be run out on either side, the outer ends 
being supported by jacks or blocking. Screw jacks 
to support the car frame, and rail clamps to hold 
the car down to the track are also provided. A 
steel wrecking car, now being built for the Norfolk 
& Western R. R., is 22 ft. long and 10 ft. wide, 
weighing 110,000 Ibs. complete. The crane has a 
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or 


sfenin Cranes, 


range of radius of 14 to 20 ft., and is designed to . 


hoist 50,000 Ibs., at 16 ft. radius, either in front or 
on either side, outriggers being used in the latter 
case, A useful addition to the machinery of a 


wrecking car would be a steam capstan (or vertical 
drum), as used on board ship. This device would be 
very handy for special hauls when the derrick is 
under load, and would thus replace specially-rigged 
had taease, 

The tool and living car should have a tool room 
(with racks for ropes and tools and fixed clamps 
for jacks), kitchen, office and living room, with 
berths and table. Steam-heating pipes and a stove 
should be provided. 

In the list of tools and appliances, hydraulic 
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jacks are the most important, being second on 

to the derrick. A set should include jacks of 10 t 

30 tons capacity, and, at least, one pair should }. 
fitted with claws. They should have thumb-ser-. 
releases. The common wrecking frog consists of ; 
heavy bent bar, the upper end of which is pivote: 
to a support which straddles the rail, the feet o; 
this support and the free end of the bar having 
spurs to bite into the ties or blocking and preye), 
slipping under a load. With these are used wedges 
of wood, plated with metal, the “long wedge” 
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being 6 ft. long, with both ends inclined, and the 
“short wedge” only 3 ft. long, with one end in- 
clined. Various forms of wrecking props are used, 
being placed on or at the side of the rail. The 
paper contained a list of the equipment for a 
wrecking train, and suggested that the train should 
consist of a 35-ton steam derrick, a tool and living 
car, and a car for heavy tools, blocking, etc. The 
tools of each wrecking car should be painted or 
marked in a distinctive manner, and one man made 
responsible for their being returned and kept in 
place. The crew should include a wreck master, in 
general charge, an assistant wreck master, an en- 
zineman for the derrick, and 10 to 30 men, accord- 
ing to the size of the wreck. 

Torches and other open lights are a source of 
danger, especially when there is oil or other highly 
inflammable material exposed. An electric are 
light would add greatly to the convenience and 
safety of wrecking operations, and it was sug- 
gested that an electric searchlight, mounted on the 
derrick car, would be specially valuable, as its 
light could be turned to any desired part of the 
work. On the New York, Pennsylvania & Ohio 
R. R. a revolving headlight is located on the roof 
of the derrick car. Two sizes of oil torches are 
used, the larger ones mounted on wooden posts 
placed at convenient points, and the smaller ones 
being carried by hand. The Wells light is an ex- 
cellent light for wrecking purposes, and is much 
used. Ordinary hand lanterns are used in working 
around inflammable wreckage. Where oil is ex- 
posed, as in the case of wrecked tank cars, it 
should be covered with earth or cinders before any 
work is done around it and before a locomotive or 
steam derrick is allowed to approach closely. If 
this cannot be done, a number of empty cars should 
be coupled between the locomotive and the derrick 
car, so as to keep the former at a safe distance, 

In regard to the care and transportation of in- 
jured persons, an ordinary car is better than a 
parlor car, owing to the winding entrance of the 
latter. Stretchers should be about 7 ft. 3 ins. long 
and 21 ins. wide. The stretchers may be placed 
across two reversed seat backs, which gives them 
about the right height for convenient medical at- 
tention. In case of cattle train wrecks, the unin- 
jured stock should be transferred promptly, and 
badly injured cattle must usually be killed on the 
spot. With refrigerator cars, special care should be 
taken to replace the ice and put scattered freight 
back in one of the least injured cars. 

The quickest way of notifying the wrecking gang 
is by means of electric bells connecting the des- 
patcher’s office with the shops where the men 
usually work, the men starting for the wrecking 
train as soon as they hear the bell. Whistle signals 
may also be given. The despatcher’s office may also 
have connection with bells in the houses of some of 
the men, so that they can be notified at night, these 
men being assigned the duty of calling others in the 
neighborhood. 

The most important part of the discussion re- 
lated to the organization of the wrecking gang. Mr. 
Wattson said that on the New York, West Shore 
& Buffalo R. R. the clearing of wrecks is in charge 
of the roadmaster. The motive power department 
furnishes four men, one of whom is called the 
wreck master, and he has charge of the three me- 
chanics sent with him and of the handling of the 
equipment on the wrecking train. If the wreck is 
a large one, the master mechanic is asked to send 
with the train as many additional shop men as may 
seem necessary. After the wrecking train is at 
the point of action, its operation is in charge of the 
roadmaster, who has collected as many of his fure- 
men and sectionmen as necessary, and either the 
superintendent or tiuinmaster is present to assist 
the roadmaster, but only to assist, as it is believed 
that only one person at a time can successfully 
direct the work. There is always an abundance of 
ideas as to how the work should be done, and if a 
chance were given to try them all the road might 
remain blocked indefinitely. Every freight train is 
furnished with a set of Tilden wrecking frogs. 

Mr. Lewis said that on the Delaware, Lacka- 
wanna & Western R. R. the wrecking master keeps 
four men with him all the time at Hoboken, doing 
odd jobs about the roundhouse. About ten men form 
the gang, and the other six work at the shops, 
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which are seven or eight miles up the road. A 
double-end wrecking car is used, but the chief re- 
liance is placed upon jacks. 

Mr. R. C. Blackall said that on the Delaware & 
Hudson R. R. a special box car, with boom, is 
used, instead of a derrick car. The boom is carried 
inside the car and put up on whichever side it is 
needed, the pulling being done by a locomotive and 
wire cable. With this car a freight car can be 
picked up bodily, trucks and all. He favored the 
plan of having the roadmaster in charge of clearing 
wrecks. 

Mr. Derr said that on his division of the New 
York, Lake Erie & Western K. R. the wrecking 
outfit consists of a hand derrick and a steam der- 
rick car of 25 tons capacity. For heavy work 
about 16 men are employed, 2 foremen and 14 men 
under them, but for ordinary wrecks of two or 
three cars not more than 10 or 12 men are em 
ployed. With very bad wrecks, one division gets 
the wrecking gang from the next division. On this 
road the wrecking organization is under the superin- 
tendent of motive power, and the men are taken 
from among the car repairers. The maintenance 
of way and transportation departments do the 
work. He has had experience of wrecking work 
with the roadmaster’s force and the shop force, and 
thinks the latter better qualified, because of their 
familiarity with jacks and machinery, while the 
same men can always be had for the work, so that 
they become familiar with it. Every baggage car 
is furnished with an ordinary frog and wedge, and 


Jacks are kept at all important telegraph stations. 
The tools of each wrecking car are marked, and the 
car is not allowed to leave the wreck until the com- 
plete equipment is returned or accounted for. 


THE CHAMPION STONE-SPREADING CAKY, 


The “good roads” movement has had an import 
ant influence in stimalating the design of improved 
machinery and appliances for road work, and the 
accompanying illustration represents a cart specially 
designed for distributing broken stone for building 
or repairing roads. The cart is mounted on fom 
wheels, so arranged that it can be turned in a short 
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at the center and made adjustable at*either end by 
means of a horizontal lever at the back of the tail 
board. This adjustment enables the stone to be 
spread thicker on one side than on the other, thus 
giving the road an extra thickness of stone at the 
middle, as is usually required. It also enables the 
stone to be spread on a strip only half as wide as 
the cart. For a roadway 12 ft. wide two side strips 
each 5 ft. wide can be laid, and then the 2-ft. middle 
strip can be laid by adjusting the scraper 

The front wheels track the 
and the cart is fitted with a good lever brake. 
earts are built in two sizes, to be hauled by 


wheels, 
The 


two 


inside rear 


or three horses, respectively, the herses he ing har 


le 
nessed abreast. The smaller (two-horse) size is 5 


ft. wide, has a capacity for 114 cu. yds. of stone, 
and weighs 2,250 Ibs. when empty. The front 
wheels are 3 ft. diameter and 3-ins. wide, on a 2-in 


axle; and the rear wheels are 5 ft 
wide, treed 5 ft. apart on a 24%4-in 


diameter, 5 ins 
The larger 
wide, has a capacity 


axle 
(three-horse) size is 7 ft. 6 ins 
of 21% cu. yds, of stone and weighs 2.750 Ibs. empty 
The rear wheels are 5 ft. diameter, 6 ins, wide, and 
mounted on a axle. By 
and the arrangement of the gage of the wheels the 
width of bearing surface is 16 ins 
and 18 ins. for the larger carts. 
built of white oak, with 
and malleable used 


The eut shows the cart in position for distributing 


3-in the use of wide tires 


for the smaller 
The cart body is 


hickory floor and sides, 


eastings are for the fittings 


stone, the body being tilted and the tailboard open 


These manufactured by the American 


Road Machine Co., of Kennett Square, Pa 


carts are 


AN IMPORTANT PATENT DECISION IN 
THE BATE REFRIGERATING CO. CASE 
An American 

foreign similar patent, regardless of 

cation, according to the late decision of Justice Hat 
lan, of the U. S. Supreme Court, in the case of the 

Bate Refrigerating Co. vs. Sulzberger et al. On 

Dec. 1, IS76. Bate made application to the United 

States for letters patent on a 


patent earliest 


the 
date 


expires with 


of appli 


process for presery 


ing meat during storage and transportation. But 
previous to the grunting of th American patent, 
two foreign patents had been issued for the Bate 
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THE "CHAMPION DISTRIBUTING CART FOR ROAD CONSTRUCTION AND REPAIRS 


space. The bottom of the cart slopes downward 
to the back and the tail board is hinged at its upper 
edge, the movement of the lower edge, and conse- 
quent width of opening, being controlled by two 
adjusting chains, while steel wings are attached at 
the sides of the cart at the tail board so as to spread 
the stone the full width between the wheels. The 
cart is tilted by a rack and pinion operated by a 
crank and gearing, and may be held at any desired 
angle, which is a great convenience in loading by 
hand. As the stone flows from the rear of the cart 
it is leveled by means of a scraper attached to the 
bottom of the tail board, this scraper being pivoted 


process; one for 14 years by the British Govern- 
ment to Wm. Robert Blake, sealed July 13, 1877. 
and one for five years of the Dominion of Canada, 
issued to Bate himself on July 9, 1877. On Nov. 
20, 1877, Bate received a U. 8S. patent for the 
term of 17 years, and assigned it to the Bate Re- 
frigerating Co. The present suit was brought on 
July 25, 1892, for an injunction against 
fringement of the U. S. patent, and also fer an aec- 
counting. Both fereign patents having expired be- 
fore the expiration of the 17 years of the American 
patent, the question arose whether the invention 
for which the American patent was issued had 


the in- 
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been “previously patented in a foreign country,” 
within the meaning of these words in Sec. 4887 of 
the Revised Statutes, and whether the American 
patent expired under the terms of that section be- 
fore the expiration of 17 years from its date. 

The plaintiff insisted that as long as the ap- 
plication was made for the American patent be- 
fore foreign patents were issued, the term of the 
American patent should hold good. The defend- 
ants contended that the respective dates of the 
American and foreign patents, and not the date 
of the American application, should determine the 
question whether the invention had been “previ- 
ously patented in a foreign country.” 

Justice Harlan reviewed the several acts of 
Congress from 1790, and decides that the statutes 
relating to patents always had in mind the differ- 
ence between an application for a patent and a 
patent itself; and the express command of the 
existing statute is that every American patent for 
an invention “previously patented in a foreign 
country,” or “first patented or caused to be pat- 
ented in a foreign country,” shall expire at the 
same time as the foreign patent, The statutes con- 
tain no exemption from this command. The in- 
tent of the American patent law and the Acts of 
Congress is to fully protect American inventors, 
and these laws prescribe methods for reaping the 
benefits of foreign patents. But the American 
patent is granted on the condition that if a for- 
eign patent is first obtained, the invention shall be 
free to the American people as soon as it is 
free to foreigners by reason of the expiration of 
the foreign patent. 


NEW MASONRY DAM AT LONSDALE, R. I. 


An unusual combination of a dam and railway 
bridge across the Blackstone River at Lonsdale, 
R. L., was completed recently for the Lonsdale Co., 
which has extensive mills at that place. Reference 
to the accompanying plan, Fig. 1, will show the 
location of the old dam, built some 50 years ago, and 
of the old railway track, carried across the river on 
a pile trestle. The new dam was located and con- 
structed as shown in the accompanying illustrations, 
in order that the operations of the company depend- 
ing upon the old dam and railway might be inter- 
fered with as little as possible. In addition, the 
use of the old dam while the new one was under 
construction obviated the necessity of expensive 
coffer dams. Mr. John W. Ellis, of Woonsocket, 
R. I., was the engineer for this work. and his plans 
were approved by the late Mr. Jas. B. Francis. 

The contract for the stone required was let on 
Dee, 3, 1892, to Mr. John T. Tank, of Providence, 
R. T., owner of quarries in Northbridge, Mass. On 
Feb. 21, 1898, Mr. Tank contracted to build the 
dam and gate chamber. The Lonsdale Co. fur- 
nished the cement for the work, buying Hoffman's 
Rosendale cement from the Lawrence Cement Co., 
of New York, and Alsen’s Portland cement, from 
Waldo Bros., of Boston. The company also fur- 
nished the hard pine used in construction, and con- 
tracted with the Holyoke Machine Co., of Worces- 
ter, for the gate chamber gearing and that required 
for raising the 30 sets of flash boards. The gates 
in the chamber were built by the Lonsdale Co. The 
Boston Bridge Works built the railway and foot 
bridge. 

The character of the dam is shown by the plan, 
Fig. 1; the cross-section, with dimensions, Fig. 2; 
and the two views, Figs. 3 and 4. The dam is on 
a curve of 700-ft. radius, partly to accommodate 
it to the railway, and is 349 ft. long between abut- 
ments, and 12 ft. high from the top of the coping 
to the top of the apron, throughout its entire length. 
The five piers support six 54-ft. plate girder spans, 
while the gate chamber opening is a half-through 
lattice girder 80 ft. in length. The approaches to 
‘the bridge were carefully constructed, and the 
bridge is calculated to carry heavy locomotives of 
the New York, New Haven & Hartford R. R. Co., 
which operates the line. The railway is owned by 
the Lonsdale Co., and connects its works located on 
both sides of the river. 

The two lines of sheeting shown on the plan and 
in the section, Figs. 1 and 2, are driven from 20 to 
80 ft. deep, ard are grooved and splined. The face 
of the dam is of cut granite, and this is backed 
with rubble. The spikes used in the timber apron 


shown in Fig. 2 are 15¢-in. galvanized iron 16 ins. 
long, and the down-stream sill is fastened to the 
sheeting by %4-in. galvanized iron spikes 12 ins. 
long. 

Work was begun by Mr. Tank on April 9, 1893. 
From May 5 to 9 and from May 17 to 22 high 
water stopped the work, but there was no more 
trouble from this cause during the construction of 
the gate chamber, which was filled on Nov. 25, 
1893. Work on the west end and abutment of the 
dam was begun early in July and continued until 
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Dec. 2, at which time the abutment was nearly 
completed, and the foundation for the west half of 
the dam, three piers and one-half of the apron, were 
wholly so. April 18, 1894, work was resumed, and 
the west end soon finished. In June following work 
was started on the balance of the dam, and by the 
middle of September it was nearly completed. On 
Nov. 15, 1894, the last coping stone was set, and 
on Nov. 17 water rose to the top of the flash boards, 

Mr. H. L. Quimby was in charge of the work for 
the contractor. The resident engineer under Mr. 
Ellis was Mr. L. W. Tucker. We are indebted to 
Mr. Ellis for the drawings and photographs from 
which the accompanying ilustrations were made, 
and to Mr. Tank for information furnished. Addi- 
tional information has been taken from a carefully 
prepared article in the Providence “Journal” of 
Feb. 11, 1895, approved by Mr. Ellis as substan- 
tially correct. 


MODERN PRACTICE IN SIGNALING. 


An interesting paper, designed to bring out the 
views of motive power men as to the sufficiency of 
protection afforded by the various systems of sig- 
naling now in use was presented at the February 
meeting of the Western Railway Club, by Mr. 
George Gibbs, M. Am. Soc. M. E., Mechanical En- 


Fig. 2. Cross Section of Lonsdale Dam. 


gineer of the Chicago, Milwaukee & St. Paul R. R., 
and will be taken up for discussion at the March 
meeting of the Club. The following is an abstract 
of the principal points brought out in this paper: 

It is only very recently that substantial accord has 
been reached among operating men that when a signal 
is established at a danger point this signal must in- 
dicate the absence of danger as well as its presence. 
This question being settled, the point arises how to 
convey the desired information to the engineman un- 
mistakably at all times. With this, more difficulty is 
met, and many opposing views are held by those 
equally well informed. The medium through which 


the engineman receives the information is by his sens. 
of sight; this acts through impressions of form, pos 
tion and color. These impressions must be made ¢ 
convey a variety of different meanings, must be clearly 
distinguishable in all conditions of weather and ligh;: 
and must be read instantly without confusion. T) 
attributes of an object most readily distinguished, an 
most invariably, are its form and position. Color is 
a more complicated impression, and one less to be re 
lied upon, being modified by reflection and by ar 
mospheric absorption. 

Having established the principle that a signal sha}! 
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indicate positively both danger and the absence of 
same, and that it shall do this by form and position, 
rather than by color, we arrive at the device consid- 
ered by progressive minds to be the best offered up 
to date for the purpose, that of the movable sema- 
phore arm. In using the ‘position’? signal we meet 
with a serious difficulty in carrying out the principle 
for a night signal; so much so, in fact, that the at- 
tempt has been temporarily abandoned for the use of 
color only. We have thus (standard at the present 
time), a position day and a color night signal, both in- 
tended to convey the same indication. The real fault 
with the colored light for night signals is in its con- 
fusion with other lights not intended for signals, and 
limited scope of the possible code. In explaining the 
seriousness of these objections, it is necessary to state 
here what information we desire to convey in directing 
train movements. 

Fixed signals are established (1) for showing the con- 
dition of the track, that is, position of switches, con- 
nections, etc.; (2) for showing the location of other 
trains, or for directing train movements, . Of the first 
class, we have switch, railway crossing and draw- 
bridge interlockings; of the second, train order and 
block signals. For both classes we must further di- 
vide the indications into “all clear,” “danger,” “cau- 
tionary,” and - “route” signals. Now, in daytime, 
these various instructions may be clearly defined by 
shape, color and relative locations of the signal blades. 
At night, this must be done by colored lights alone. 
If we leave out of consideration for the moment the 
differentiation of the two main classes of signals, viz., 
track and train movement, we have still three ab- 
solutely distinct indications desired to be made by col- 
ored lights; one for “danger,” stop; one for “caution,” 
move under control; one for “safety,” proceed. Amer- 
iean practice in the past has largely tended toward 
the following code of lights: Red, danger; green, cau- 
tion; white, clear. The leaning of the committee ap- 
pears now to be towards red, for “danger’’; green, for 
“‘safety’’; combination of green and red, for “caution.” 
This system has been used for some years upon the 
Chicago & Northwestern Ry., to their satisfaction, I 
am told. It does not appear to be a wholly satisfactory 
solution of the problem, for these reasons: First, red 
and green are lights of different strength, which makes 
the indication uncertain at a distance; second, it is 
possible for two separate signals to be so placed..that 
a danger (red) in one and a clear (green) in the other 
might be mistaken by enginemen to be a “‘combina- 
tion cautionary” signal, thus causing him to slow up 
only, when he should stop. 

Seeing that no code yet propeéed is wholly free 
from objection, it is necessary to weigh the disad- 
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,ntages of each and come to a decision justified by 
ts and experience. It appears to me that the fol- 
ving is the best solution to date for a night signal 
le: Red light, danger, stop; green light, clear, pro- 
ed; combination red and green from one lamp, cau- 
in, go slow. 

For the day code we have at our command color, 

form and position. The indications wanted are: (1), 
» show to what system the signal belongs, whether 


switch, block or train order; (2), to show the varying 
conditions under these systems. 

Usual practice establishes the following standard 
forms of semaphores: (1) “Home” signals, that 
signals at or very near the danger point, have blades 
cut square at the end and painted red. These govern 
the position of a block interchangeably, and assume 
but two positions; horizontal (and red light at night), 
“danger’’; nearly vertical (and white light—or green, 
under new code—at night), “‘clear.’’ (2) “Advance” 
signals, same form and indications as “home."’ (3) 
“Distant,’’ or cautionary, signal arm cut with a fish- 
tail end and painted green. These have also two in- 
dications; horizontal (green—or, under new code, com- 
bination—light at night), caution, proceed, expecting 
to find “home”’ sigaal at danger; inclined (white light 
at night), clear. 

Different routes are signaled by separate arms, either 
on same or different posts. An important point to be 
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terlockings have proven perfectly reliable, especially 
when provided with an electric track cireuit, locking 
the lever to prevent the operator from changing a 
combination, when once given, until the train has 
passed over the danger point. 

Considering block systems, the old system of de- 
spatching by train orders is likely to pass rapidly out 
of use when the superior advantages of an ordinary 
manual block are more fully understood. It has been 


FIG. 3. UP-STREAM VIEW OF LONSDALE DAM. 


only during the past three four years that the 
block system has been thoroughly demonstrated to be 
a success upon heavily worked single-track main lines. 
The C., M. & St. P. has without doubt done more than 
any other railway in the country to prove the success 
of this system. It has at present 1,270 miles of 
single-track blocks in operation, and finds the traffic 
handled with equal expedition and much greater free- 
dom from accident than under the “order’’ system. 

The weak point of the manual system lies in 
fact that safety depends entirely upon each operator 
individually. If any one operator should fail re 
port the location of trains correctly, should misinter- 
pret orders, or should fail to display his signal cor- 
rectly, an accident is and probable 
These circumstances have been of sufficient frequency 
to lead to a great amount of ingenuity in devising man- 
ual-controlled systems. In these the simultaneous fail- 
ure of two operators is necessary to allow 


or 


the 


to 


possible even 


more than 





FIG. 4. DOWN-STREAM VIEW OF EAST HALF OF LONSDALE DAM AND OF GATE CHAMBER. 


remembered is that an arm has significance in one 
direction only, governing an approaching train from 
which it appears pointing from the right of the mast. 
The paper then continues with descriptions of the 
various signal systems now in use. These are 
divided into (1) systems for showing the conditions 
of the track, that is, providing safety where switch 
movements are to be made, under which are in- 
cluded (a) switch signals, (b) switch interlocking, (c) 
crossing, junction and swing bridge interlocking; 
and (2) systems for directing train movements, 
under which come (a) train order, (b) telegraphic 
manual block, (c) controlled manual block, (d) au- 
tomatic block, and (e) mechanical block. These 
various systems are familiar to most railway me- 
chanical men, and we do not reprint the descrip- 
tions given in the paper. The paper continues: 
Systems of switch control present few points of com- 
inent, Both the mechanical and electro-pneumatic in- 





one train in the block at the same time. The “theory 
of probabilities’’ would indicate that this should cut 
down enormously the chances of accident. Of course, 
it is necessary in all these systems to take for granted 
that the engineman will see and obey these signals. 


The manual-controlied, sometimes called the “‘Sykes,”’ 
system, with the addition of the track circuit releasing 
sections, provides a very complete measure of protec- 
tion on double-track reads (it is not applicable to sin- 
gle track), and would be wellnigh perfect, were it not 
forthe practice of “‘permissive’’ blocking. This prac- 
tice means the breaking down of the space for the 
time interval between trains. Its definition is “allow- 
ing two trains in the block at the same time, the sec- 
ond following the first under cautionary signal.”’ It is 
primarily necessary, from reasons of economy, which 
dictates that block stations sball be relatively far 
apart, to save expense of installation and operation. 
In places of dense traffic, therefore, it is sometimes 
necessary to use the “permissive” to avoid delays. 
The practice is wholly bad and dangerous, and war- 





rants considerable expense, where traffic is at all 
dense, in abolishing its -necessity. 
There is another cause for the use of permissive 


blocking, which does not always admit of being done 
away with at and that 
it factory and other sidings. The English practice of 


reasonable is switching 


cost, 


interlocking all sidings with the block system necessi 
tates establishing stations at or near all such points 
which is, of course, impracticable in a thinly-settled 





country. The purely automatic system allows us tu 
provide a much greater measure of safety under such 
conditions, and at a slight additional operativg cost. 
This may be done by erecting additional automatic 


signals at each side of the factory switches and inter 
thus making 


under 


locking the switches these signals, 
short intermediate In fact, 
tem, we should entirely obviate the necessity of per 
making the block 


objections aut 


with 
blocks. 


this sys- . 


missive blocking by sections short 
enough. The great 
are (1) cost of installation; (2) 
of order. As to cost, this is a question which must be 
figured out for in many 
simple matter interest 


the additional cost over the plain manual system, by 


to matic systems 


liability of getting out 


each case; instances it is a 


to show a large earned upon 


suving in operating expenses of the automatic 


As to liability of getting out of order, this ts a 
serious objection to all automatic devices, but it is 


not necessarily an inherent one. The difficulty arises 
from the general impression that an automatie device 
is one which takes care of itself. Nothing could be 
farther from the truth; an automatic device operates 
without human intervention, but requires care in pro 
portion to its and the of the 
service demanded of it. If the amount of care needed 
burdensome, device is unsuitable, other 
wise not. Automatic signal systems can, I think, be 
kept in reliable working order with a very reasonable 
amount of care. , 

I should say here that, in case of failure of any part 
of automatic signal apparatus, such breaking of 
track circuit, or other wires, running down of batter- 
ete., the the signal at danger. the 
cardinal principle of all signaling devices being that 
no failure of parts shall, under any circumstances, al- 
low the signal to indicate safety. ‘Thus, in case of 
breakage of parts, the train will be stopped, unneces- 
sarily by red signal, which may be said to err on the 
side of safety. Such stoppages are, however, quite 
objectionable if they occur at all often, as, aside from 
the delay to traffic caused thereby, they are apt to 
weaken the confidence of the engineman In the re- 
liability of the devices, and cause him to attach less 
signal. 
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DEPTH OF SAND IN FILTER BEDS NECES- 
SARY TO REMOVE BACTERIA. 
By Grace C. Frankland.* 

Although it sounds like a truism to state that 
sand filtration, when efficiently pursued, offers a 
very remarkable barrier to the passage of bacteria 
in water, yet the factors upon which that efficiency 
depends have not yet been so thoroughly mastered 
as to be reduced to a condition of servitude. We 
have no acknowledged law of filtration, although 
we have, no doubt, a very shrewd notion of what is 
right or wrong. Already, in 1886, Dr. Percy Frank- 
land pointed out** some of the factors which he had 


* Joint author with Prof. Percy Frankland, St. An- 


drews’ University, Dundee, Scotland, of “Micro-Or- 
anisms in Water.” 
ee Water Purification; Its Biological and Chemical 


Basis. Trans. Inst. C. E., pp. 197-263, including dis- 
cussion. 
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found were of importance in the processes of sand 
filtration, as carried out by the London water com- 
panies, and amongst these he emphasized the im- 
portance of the thickness of fine sand through 
which the water percolated. Later researches have 
fully confirmed these results, and this is especially 
brought out by Dr. Reinsch, in his recent investiga- 
tions, just published, on the filtration of the Altona 
water. Reinsch, whilst acknowledging that the 
layer of slime which forms on the surface of sand 
filters is of great importance in the elimination of 
the bacteria present in the water to be filtered, 
does not agree with those authorities wko r ~vard it 
as the only agent in the filtration of water. He 
points out that the depth of the layer of sand op- 
erates in &@ most important manner; that with the 
reduction in the depth of sand the number of bac- 
teria in the filtrate regularly increased. To test 
this point in more detail, he drew off the water as 
it passed through the sandbed at various depths, 
commencing immediately beneath the layer of 
slime at depths varying from 60 to 920 mm. (2.36 
to 36.22 ins.). One example is sufficient to indicate 
the nature of the results obtained: The untreated 
water contained 36,320 microbes in 1 cu. em. After 
passing the layer of slime there were 1,876 per cu. 
em, found, whilst after traversing the whole column 
of sand there were only 44 in 1 cu. em. Thus, al- 
though after passing through the layer of slime a 
very large reduction is effected in the microbes pres- 
ent, yet the filtrate still contains bacteria in numbers 
altogether inadmissible in a properly filtered water. 
These results are of importance, as there is a 
tendency at the present time to attribute too ex- 
elusive an importance to the slime and ignore the 
depth of sand material. Reinsch does not mention 
the investigations made during the past few years 
at the Zurich water-works, where it was also 
found that to reduce the depth of sand was to dam- 
age the filtrate, and that, in consequence, the layer 
of sand should never be allowed to sink below 30 
em. (practically 1 ft.) Reinsch, in his conclusions, 
states that the column of sand, to produce a good 
filtrate, should never be less than from 40 to 60 
em. (15 to 24 ins.) deep. In order to encourage 
the formation of surface slime, the filters at Al- 
tona, after the water is run on, are left undisturbed 
for twelve hours, and Reinsch states that the neg- 
lect of this simple preeaution exercised an im- 
portant influence on the filtrate. These investiga- 
tions were carried on at the Altona water-works 
over a period of 18 months, during which time 
daily samples were bacteriologically examined from 
each individual filter-bed. In this manner the 
working of each filter was under constant surveil- 
lance, and any abnormally high numbers in the 
microbes present in any filtrate was at once noted 
and its cause investigated, thus enabling a bad 
filtrate to be at once rejected before the whole 
supply had become deteriorated or endangered by 
its admixture. 

It will be remembered that Koch ascribed a re- 
crudescence of cholera in Altona during the great 
epidemic to the inefficient working of one of the 
sand filters, the imperfections in which were not 
discovered until the whole water supply had _ be- 
come infected. Reinsch points out how essential 
it is that, in the construction of filter beds, due re- 
gard should be had to the possibility of taking 
satisfactory samples for examination, which in the 
beds of older construction is often a matter of ex- 
treme difficulty. This point is also of importance 
in the opportunity it offers for the accumulation of 
facts which will ultimately afford material for the 
building up of a rational system of filtration which 
will be of the greatest service in the efficient purifi- 
cation of water. 


TRANSVERSE STRENGTH OF DOUGLAS 
FIR. 
By Chas. B. Wing, Professor of Structural Engi- 
neering, Leland Stanford University. 

The increasing use of the Douglas Fir timber of 
the Pacific Coast states in engineering construc- 
tion makes any information regarding its strength 
of especial interest at this time, and the accom- 
panying diagram shows graphically the results of 
a number of transverse tests of this timber re- 
cently made at the Leland Stanford University. 


These tesst were made by the writer and 
Mr. R. M. Drake, one of the students of the Uni- 
versity, and comprised the breaking of ten 6x 10- 
in. x 17-ft. beams, and ten 3 x 5-in. x 4%-ft. beams 
cut from the broken 6 x 10-in. x 17-ft. timbers first 
tested. A sketch of the apparatus used in testing 
the larger beams is given in Fig. 1, and in Fig. 2 are 
shown by diagram, the unit stress and unit strain 
in the outer fiber in pounds per square inch, strain 
here meaning the deformation resulting from the 
stress. 


The larger, or 6 x 10-in. x 17-ft., beams were 






som 
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Fig. 1. Apparatus Used for Testing Douglas Fir 
Beams 6 x 10 ins. x 17 ft. at Leland Stanford 
University. 


broken transversely by a hydraulic jack of 10 tons 
capacity, and the reaction measured by the scale 
platform of a 20,000-lb. Olsen testing machine, 
as shown in Fig. 1. After the original timbers 
were broken the remaining solid timber was cut 
into the smaller size test specimens and broken di- 
rectly by the testing machine. In all cases the 
pressure was applied against the edge or narrower 
side of the beam. 

The method used in measuring the deflections of 
the specimens was essentially the same as that 
used by Professor J. B. Johnson, of Washington 
University, St. Louis, Mo., in testing yellow pine 
for the government timber tests. A nail was driven 
into the side of the specimen at each end, and in 
the middle of its height, and a fine silk thread 
passed over the nails and weights attached to each 
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creasing the section and by causing the fiber ; 
be cross-grained and curly, easily crushing when i) 
compression. In the diagrams the unit strains «+, 
plotted as abscissae, and the unit stresses as ordi 


nates. The unit stress was found by the wel! 
Me 
known formula, eC where M is the beni! 


ing moment at the center, I the moment of inertia 
of the cross-section, ¢ the distance of the oute 
fiber from the neutral axis, and S the unit stresc 
in the outer fiber. The unit strain was determine! 
as follows: 
Let S = unit stress as before; M = bending mv 
ment; e = unit strain or elongation. 
unit stress § 


From definition, E = = modulus 


unit strain 
of elasticity. 


Let 1 = length of specimen between supports, 


then, M = = where P = the single concentrated 


load at the center. Let D = the deflection deter. 
mined by experiment. Then by substituting in the 











Me 
equations S = > the value of S from the equa- 
Me Me 
tion E == --, we have, E e = , ore = — 
EI 
Plie 
4EI 
The theory of flexure gives for the deflection of a 
\ PF 
beam under a single concenirated load, D : 
| j 48 El 
Dividing the above equation for e by this, we have. 
e 12¢ 12¢ 
_-= ,ore =——D 
D Pr Pr 


The curves shown in the diagram are plotted 
from the values of e and S determined by the above 
formulas. Curves plotted in this way should show 
similar or comparable results independent of the 
size of the test specimen. 

7 Bh. = 12,832 
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DIAGRAM SHOWING ULTIMATE UNIT STRESS AND THE UNIT STRAIN DEVELOPED 


IN TRANSVERSE TESTS OF DOUGLAS FIR BEAMS AT LELAND S!ANFORD UNIVERSITY. 


end. These weights were for the purpose of tak- 
ing up the slack in the thread which was caused by 
the shortening of the specimen due to its deflec- 
tion, and for keeping the thread uniformly tight. 
The deflections were measured on a scale attached 
to a mirror, which, in turn, was attached to the 
middle of the specimen by a piecé of putty. In 
reading the scale, the image of the thread in the 
mirror was made to coincide with the thread as 
seen by the eye directly. This insured the same 
position for the eye at each reading of the scale. 
None of the specimens were selected for testing. 
The timber was ordered from a San Francisco lum- 
ber yard, and would probably rate as a poor lot of 
No. 1 merchantable. Some of the sticks failed by 
shearing along the fiber parallel to the length of the 
specimen. These have been noted, and the shear- 
ing strength of the timber, as shown by these tests, 
has been computed. It was noted that knots, even 
when sound and tight, weakened the stick by de- 





Sticks G and H, of the full-sized specimens, failed 
by shearing. According to the theory * of the dis- 
tribution of shearing stresses in flexure, in surfaces 
parallel to the neutral surface, the intensity of 
shearing stress per unit of area at any point is a 
maximum in the plane of the neutral axis, and for 
rectangular cross sections is expressed by the for- 


3 
mula: X = — —, where X 
“bh 


shearing stress 


per unit of area in the plane of the neutral axis, 
J = the total vertical shear at the point in ques- 
tion; b = the breadth of the beam; h = the height 
of the beam. > 
With a single concentrated load, the vertical 
shear, at all points between the end of the beam 
and the load, is equal to the end reaction, and is 
constant throughout the length of the beam when 
the load is at the center. The end reaction at the 


“*Chureb, “Mechanics of Engineering, ** p. 284 et seq. 
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‘ime of breaking was for stick G, 7,410 lbs., and 
for H, 5,725 Ibs., and the value of the shearing 
tress computed by the above formula, 183 Ibs. 
per sq. in., and 143 Ibs. per sq. in., respectively. 
From these results it would seem that the danger 

f failure by shearing should not be lost sight of in 
using large timber beams in flexure. 

The average shearing stress for nine of the full- 
sized beams at the time of breaking was 160 Ibs. 
per sq. in, The modulus of shearing determined 
by these experiments is, therefore, not less than 
this amount. That it may be somewhere near it 
is indicated by the fact that two of the specimens 
broke by shearing longitudinally parallel to the 
fiber in the plane of the neutral axis, or nearly so. 


THE USE OF CHEAP LOCAL MATERIALS 
FOR IMPROVING COUNTRY ROADS. 


In the discussions on good roads and road im- 
provements which have formed a part of the “good 
roads” movement, it has unfortunately too often 
been assumed that the aim in every case must be to 
obtain a macadamized road, In districts where 
stone is searce and traffic light, the cost of such 
roads would be practically prohibitive, and although 
the existing roads may sadly need improvement, the 
people are not disposed to regard with favor any 
movement which would involve them in large ex- 
pense for stone roads. This view of the matter 
was presented in our issue of Nov. 30, 1893, and it 
is eneouraging to find that one of the bulletins 
issued by the Road Enquiry Bureau of the Depart- 
ment of Agriculture, of which bureau Gen. Roy 
Stone is the engineer, deals with the best method 
of constructing a common highway without gravel 
or stone, and contains references to the use of clay, 
sand, oyster shells, sawdust, etc., in various locali- 
ties. The bulletin first gives the paper on “Dirt 
Roads,” by Mr. J. H. Striedinger and Mr. O. Von 
Geldern, published in our issue of Nov. 16, 1893, 
in which paper the construction of corduroy or tim- 
ber roads and roads across swamps was also re- 
ferred to. It then gives particulars of the use and 
treatment of some special classes of material, 
which we abstract below, and it will be noted that 
the importance of proper drainage is emphasized in 
three or four cases: 


In describing the construction of cheap, well-kept 
earth roads in Virginia, Capt. O. A. Browne, of Cape 
Charles, Va., says that the soil of that locality is for- 
tunately so mixed with sand and clay that it forms a 
very good roadbed, and a little sand on the top of it 
makes a lasting cushion to take the wear of travel, 
and when the water is properly drained off, an excel- 
lent cheap country road is the result. 

When the soil has too much clay, it is easily cor- 
rected with sand, and it is surprising how little it 
takes; the reverse of this treatment is also a success. 
When the proper combination is made, the road be- 
comes hard and lasting; so hard, indeed, that when 
necessary to work it up a Babcock hardpan plow must be 
used. This implement weighs 230 lIbs., and breaks a 
width of 2 ins., and-so hard is this mixture of clay 
and sand that it requires six mules, weighing 1,200 Ibs, 
each, to pull the plow when running 6 ins. deep. The 
hardpan plow is first used to loosen the soil, six mules 
being attached; and this is followed by a farm turning 
plow, with two mules hitched to it. When gufficient 
ground is loosened, the team of six mules is put to the 
grader, and the two mules are hitched to an iron farm 
roller. The latter is kept on the center of the road all 
the time; the road is by this means rounded up, 
smoothed, and made as hard as this roller will make 
it. When the wheels cut down in the soil, the ruts 
are filed with oyster shells, and as these work down, 
clay, shells, and sand are put in the furrows, and by 
this means a good hard face is made in the road for 
the wheels to roll on. These roads can be made for 
$100 per mile. 

Dr. Hardey, of Chataignier, La., gives the following 
method for constructing a road in the muddy part of 
Louisiana. Take common hay, rice straw, or, best of 
all, bagasse (mashed sugar cane), cover the muddy 
holes plentifully with it, and trample it down thor- 
oughly. Cover this with dirt or mud, then roll it flat, 
and upon this bed place small poles or brush. Cover 
this with dry dirt or gravel, trample and roll it down 
thoroughly, then make a good, wide ditch to drain the 
road on both sides, and finally roll the surface of the 
road to make it slope toward the ditches. A road care- 
fully and properly made in this manner will last 25 
years with but little repair, if the drainage is main- 
tained, and slight ruts or holes repaired at once. 

Mr. Curtis C: Turner, of Omaha, Neb., says that road 
scrapers, drawn-by eight horses, are largely used in 
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that county, and have given very great satisfaction 
when properly handled, but that better results could 
be secured if heavy rollers were used in conjunction 
with them, and that more care should be used in re- 
moving sods and decayed vegetable matter from the 
roadway. 

The farmers of Newcomb Township, Ill., have done 
much toward building good dirt roads, draining them 
with tile and with open side ditches, and keeping them 
earefully rounded up in the center. They tried the 
experiment of working a grading machine on them by 
the use of a traction engine, such as is employed for 
hauling thrashing machines around the country, and 
the trial was so successful that the engine was em- 
ployed again next season for the same work. The ex 
pense is only $8 a day, including fuel, water, and two 
men, and the result is said to show that the work can 
be done more satisfactorily and rapidly, and at far less 
expense, than by the use of men and teams. 

In regard to sandy roads, the usual way of improving 
such roads is to cover the surface with clay, or to mix 
the clay with the surface sand, but the Massachusetts 
Highway Commission says it is questionable whether 
this method of treatment is in the long run economical. 
The commission estimates the average cost of doing this 
at 15 cts. per sq. yd., with renewal in about five years, 
or 3 cts. per sq. yd. annually. It also estimates that a 
good macadam road can be constructed for 60 cfs. per 
sq. yd., and taking into consideration the small amount 
of travel, and that the road is estimated to last 20 
years, with hardly any repairs, the annual cost will be 
3 cts. per sq. yd., or the same in each case. 

Other materials have been used for the more or less 
temporary hardening of sand roads, and some of them 
with marked sucess. For this purpose any strong 
fibrous substance, and especially one which holds moist- 
ure, such as the refuse of sugar cane or sorghum, and 
even common straw, flax, or swamp grass will be use- 
ful. Spent tan is of some service, and wood fiber in 
any form is excellent. The best is the fibrous sawdust 
made in sawing shingles by those machines which cut 
into the side of the block. This has been used to 
some extent in portions of Wisconsin, and Mr. J. T. 
Kingston, of Necedah, Wis., states that the officers of 
that town have for several years past used shingle saw- 
dust on the principal traveled roads in the town, where 
the land is very sandy. Sawdust is first spread on the 
road from 8 to 10 ins. deep, and this is covered with sand 
to protect the road against fire from pipes or cigars 
carelessly thrown or emptied on the roadbed. The sand 
also keeps the sawdust damp. The dust and sand soo» 
become hard and packed, so that the wheels of the 
heaviest wagons make no impression upon the surface, 
and the roadbed appears to be almost as solid as a 
plank road, but is much easier for the teams. The road 
prepared in the above manner will remain good for 
four or five years, and will then require renewing in 
some parts. 

The ordinary lumber sawdust would not be so good, 
of course, but if mixed with planer shavings might 
serve fairly well. Mr. C. M. Simons, of Friendship, 
Wis., states that on the sandy roads of Adams 
County, no sawdust is used, but clay and marsh muck 
are used instead; the clay making the best road when 
put on as it should be. Since the introduction of 
wide-tire wagons (4-in. tires) there has been little 
trouble with sandy roads, and very heavy loads are 
hauled over the sandiest roads without difficulty on 
4-in.-tired wagons. Mr. Simons considers the use of 
wide tires on wagons and buggies of far more import- 
ance than any road filling that could be done in the 
county with the means at disposal for the work. In 
Juneau Co. some very fine roads have been made with 
sawdust. A road of this kind from Necedah to the 
Wisconsin River, a distance of about three miles, is a 
boulevard of the county, and it is a pleasure to ride 
over it. In that county sawdust is convenient and 
cheap. In Adams county, roads which have been wel! 
graded, and have trenches about 18 ins. wide and 10 
ins. deep, filled with clay, and having about 2 ins. of 
sand on top, just where the wheels run, have made the 
best lasting roads for all kinds of use, and are the 
cheapest that can be made, though buckwheat, rye, 
and sorghum straw have been used with good results. 


FINISHING RAILWAY CAR JOURNALS BY 
BURNISHING. 


One of the best means of avoiding trouble from 
hot boxes is to give the journa!s and bearings as 
smooth a surface as possible, and we illustrate here- 
with a burnishing roller, designed by Mr. L. Bart- 
lett, Master Mechanic of the Missouri Pacific Ry., 
at St. Louis, Mo., and used for burnishing the jour- 
nals of car axles, and for crank pins. The roller is 
of tempered steel, about 3% ins. diameter, and the 
face, 5-16 jm. wide, has a highly-potished surface. 
The burnishing is done after the journals have been 
finished in the lathe, the burnisier being held by a 
wrought-iron bar placed in the headstock of the 
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lathe. This treatment gives a remarkably smooth 
and dense surface to the journal. The accompany- 
ing cut is reproduced from the “National Car and 
Locomotive Builder,” to which paper we are also 
indebted for the description of the device. 


DOUBLE LININGS OF CONCRETE AND 
PAVING STONE FOR RESERVOIRS. 

A correspondent, under date of Jan. 29, questions 
the necessity of reservoir 
slopes in addition to a conerete lining, in the fol- 
lowing language: 


using stone paving on 


In looking over the article on 
of Syracuse, N. Y.*’ (Eng. News, Dee. 13, 1894), I no- 
tice a novel arrangement of the inside slopes. The 
lower portion of the slope (beneath the berme.—Ed.) is 
concreted, while the upper portion is both concreted and 
paved. I do not see the necessity of the paving, espe- 
clally if the concrete is well made and good. The ound 
practice is to bed the paving on a layer of broken stone, 
a much cheaper material than concrete. It seems to me 
where the latter is used paving would be superfluous. 


“The New Water Supply 
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Rollers for Burnishing the Bearings of Axles and 
Crank Pins. 


I also notice from the Astoria, Ore., water-works 
specifications that the slopes are concreted, and in ad 
dition a course of brick is laid on top of the concrete. 
It also seems to me that the concrete would be suf 
ticient. 


A letter from this Journal, addressed to Mr. W. 
R. Hill, M. Am. Soc. C. E., Chief Engineer and 
Superintendent of the Syracuse Water-Works, has 
brought a reply, dated Feb. 5, containing the fol- 
lowing reasons for using concrete at Syracuse: 


In regard to using both concrete and paving on our 
reservoir, | would say that after a long consideration | 
deemed that both were necessary. Concrete when ex- 
posed to the action of the frost will flake and chip off 
and if used on a reservoir of any considerable size 
would be liable to be greatly damaged by the jamming 
of ice. I am unable to learn of any large reservoir 
where only concrete has been used. On smaller reser- 
voirs where there would be very little wave I might rec- 
ommend the use of concrete without the stone paving. 


We also addressed a communication on this sub- 
ject to Adams & Gemmell, of Pendleton, Ore., the 
engineers for the improvements now under way at 
Astoria. Mr. A. L. Adams replied to our queries, 
under date of Feb. 8, as follows: 


tiegarding the matter of reservoir linings lu general, | 
should not feel justified In stating that a concrete lining 
is sufficient, and I should be equally averse to claiming 
that a paving on top of the concrete is always a jus- 
\ifiable additional expense. Ido not wish at present to 
enter upon any extended discussion of a matter wherein 
engineers must be guided ean by local conditions, 
but in a general way will say that I have never suc 
ceeded myself nor seen any one else succeed in building 
a reservoir of concrete alone without the development 
of troublesome cracks, probably due to expansion and 
contraction, resulting from changes in temperature. [1 
is the part of wisdom to provide against trouble re- 
sulting from the formation of these cracks by supplying 
some sort of an elastic surface, for which, an aspha:t 
coating answers admirably. If, in addition to this ten- 
dency on the part of concrete to crack, there ia auy 
probability of some settlement taking place, the more 
eare is necessary in the design. Under these conditions 
my idea is that the concrete layer may be somewhat less- 
ened in thickness on the slopes, and a layer of brick laid 
either in cement mortar or in asphalt pat on top of tiv 
eonerete with excellent results. the finishing coat of 
asphalt being put on finally, as when the concrete alone 
is used. 


The specifications for the Astoria reservoir eadl 
for 6 ins. of concrete on the bottom and inner 
slopes, the concrete on the slopes to be covered 
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with one layer of brick laid flatwise in mortar at 
right angles to the slope, both the brick and the 
concrete bottom to be finally covered with %4-in. of 
cement mortar. Alternative bids were asked in the 
specifications for laying the brick in hot asphaltum. 

Doubtless, other engineers have had experience 
with unprotected concrete on exposed reservoir 
slopes, and as the question under discussion is an 
important one, we invite statements of the results 
obtained under such conditions. 


STORAGE BATTERIDS IN AN BLECTRIC 
RAILWAY POWER STATION.* 


‘The electric street-car railway from Zurich to Hir- 
siaden differs from all other street railways from the 
fact that in the generating station itse:f secondary 
batteries are used to equalize the load upon the ma- 
chines. It was at first intended to use machines only, 
but the responsible contractors for the work, who were 
the Maschinenfabrik Oerlikon, after being approached 
by the Hagen accumulator works, made satisfactory 
preliminary tests and eventually decided to use second- 
ary batteries. The generating machine is shunt-wound, 
and the battery is in parallel with it across the mains. 
Thus a constant load is obtained upon the engine, 
which works at its highest efficiency. There are spe- 
clal automatic cell-reguiator switches which are con- 
trolled by the potential, and the dynamo, therefore, 
charges a varying number of cells. The cells which 
ie between the charge and discharge points are 
charged by a small auxiliary shunt machine, and the 
tield magnet coils of the latter being across the leads 
to this varying number of cells, automatic control of 
the dynamo is obtained. Automatic magnetic cut-outs 
are used in the circuits to prevent the current from 
the cells driving the dynamos as motors. 

The conductor is carried on poles and is divided in- 
to four parts Insulated from one another. The road is 
of meter gage and is 2.8 miles long, with only 2353 
yds, of level line. There are 3,300 yds. of gradient 
varying from 0.15 to 3%, 880 yds, varying from 3 to 
5%, and 543 yds. varying from 5% and above. The 
steepest grade is 6.48%, which is in the Klosbach- 
strasse and is 87 yds. long, while it has a curve of 
27.2 yds. radius at the end. 

From the power station up to the Kreuzplatz, a 
distance of 4,950 yds., the sum total of all the rises 
gives 124 ft., which is an average rise of 0.837. In 
the contrary direction the total of all the rises is 210 
ft., which gives an average rise of 1.41%; the aver- 
age rise, therefore, in each direction is 1.127. Each 
carriage is built for 12 persons sitting, and 12 to 14 
persons standing. The weights are as follows: 


Gar empty (dene ope Asad tebkdeu anes hs bu eeacin yee 
Weight of electrical apparatus...............+.. 3,200 
Weight of passengers, driver, and conductor..... 3,960 

RS nc nunte0d.55Ga 60nd thes he tanake ha senease 12.210 


The greatest output of energy is required in the 
Klosbachstrasse, where, as stated, the gradient is 
6.48%. With a coefficient of traction of 26.4 Ibs. per 
ton, and a speed of 10.8 ft. per second, the work re- 
quired is 18.8 HP. at the moter. In order to be able 
to start, 25 HP. must be available. If it be allowed 
that the average load of the car is only 1,320 Ibs., 
which is a low estimate, then the average total 
weight moved is 9,570 Ibs. 

The single journey lasts 26 minutes, and with 2 
minutes’ stop at the end the double journey occupied 
54 minutes. The author estimates that the average 
output of the motor is 4.72 HP., allowing for 25 
excess at starting. The power station is at the end 
of the line, and provided with two Galloway boilers, 
built by Messrs. Escher Wyss & Co., of Zurich. Each 
boiler has a heating surface of 624 sq. ft. One boiler 
acts as a reserve. There are two large* steam boilers, 
each of 90 HP., but capable of developing 100 H1’., 
and one small engine of 5 HP. Bach of the two 
large engines drives by belting a shunt-wound dyna- 
mo, which develops from 450 to 550 volts and 100 
amperes. Only one set is at work at one time, so that 
there is one always jn reserve. The small engine 
drives direet a shaunt-wound dynamo, developing 100 
volts and 30 amperes, or UO volts and 20 amperes; 
this is the auxiliary machine previously alluded to, 
and it has been found that it need only be worked 
once in two or three days for some hours. The sta- 
tion is so arranged that as much more power could be 
put in, giving three times the output, with a com- 
plete set in reserve. 

The batteries are placed between the boiler-house and 
the engine-house, and consist of 300 cells, with a ca- 
pacity of 245 ampere-hours; the charging current is 
«8 amperes and the normal discharge 81 amperes, bul 
this rises to 162 amperes, and on emergency 248 am- 


*From Elektrotechnische Zeitschrift, 1894, p. 356: 
in “Abstracts of Papers,’’ Institution of Civil Engi- 
neers. 

* PHuropean ideas of a “‘large’’ steam engine sound 
enurionsly in this country.—Ed. Eng. News. 
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peres can be taken out. The charge is sufficient to 
carry on the whole work of the line for three hours. 

The special automatic double-switch is designed for 
150 amperes, and to control 28 groups of three cells 
each; it moves over two contacts per second,and,there- 
fore, can switch in or out 84 cells in 14 seconds. 
There is a six-minute interval car service, and also 
a twelve-minute interval service; with the former nine 
cars are on the road together and with the latter five 
cares. , 

If the efficiency of the dynamo, allowing for loss 
in the belt, be taken at 90%, an average loss In the 
conductors of 5%, the efficiency of the motor and ap- 
paratus at 80%, and the loss in the accumulator 
at 5°, then the total combined efficiency will 
be 64.98 Taking the average output per car at 
4.72 HP.; then the steam-engine must develop about 
6> HI. for the 6-minute service, and about 36 HI. 
for the 12-minute service. The current at 520 volts 
will be 83 amperes for the 6-minute service, and the 
result is that about 80 amperes are constantly given 
out by the dynamo, while there is a varying effect 
on the battery from 30 amperes charge to 30 am- 
peres discharge, the line current required varying be- 
tween 50 and 110 amperes. 

From 6.16 a. m. to 7.04 a. m. there is a 12-minute 
service, from 7.04 a. m. to 7.58 p. m. a 64minute 
service and from 7:58 p. m to 9:04 p .m. a 12-min- 
ute service. This gives a six-minute service for 
12 h. 54 m., and a 12-minute service for 1 h. 54 
m. The total daily output is therefore 907 brake 
HP. hours, and as 2,960 lbs. of coal are consumed, 
there is a consumption of 3.3 Ibs. of coal per brake 
HP. hour. In power stations, where no accumulators 
are used for street-car service, the author states 
that “5 lbs. of coal and.upwards per brake HP. 
hour are used, so that there is a daily saving of 2,000 
lbs of coal; and, with coal at 31s. per ton, this is a 
yearly saving of £516 due to the use of the battery. 

The battery and switch apparatus complete, erected 
in working order, cost £1,480, so that yearly one-third 
of this is saved in coal; allowing 5% for sinking fund, 
and 5% for repairs, the battery would be paid for out 
of coal savings in four years. One of the chief ad- 
vantages, however, is that it is unnecessary to keep 
the second boiler under steam. The author also points 
out that the coal consumption will hereafter be dimin- 
ished, as the engines are at present working non-con- 
densing, but when the work is finished completely 
they will work condensing, and he thinks it clearly 
proved that the use of the accumulators is a great 
advantage for street-car service, 


ELECTRIC LIGHT FOR THE FIRE ISLAND 
LIGHTHOUSE. 


The use of electricity for lighthouses and light- 
ships has been under consideration for sometime 
by the U. S. Lighthouse Board, and it has already 


been applied to a lightship; but its first application 
to land service will be at the Fire Island light- 


house, on the south shore of Long Island, where 
the plant is now being installed. There will be two 
Serrin lamps, which are the pattern used for this 
class of service in France, and the carbons will be 
@.SS-in. diameter (23 mm.), with 0.175-in. length 
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and the table can be moved laterally from the lens 
for the purpose of cleaning and adjusting the lamps 

To insure that the are is kept steadily in the exac: 
focus of the lens, a small double-convex lens jx 
placed at the side of the large lens and so arrange: 
as to throw a beam of light on a standard at th: 
side of the lighthouse, and when this beam is aboy, 

or below a horizontal line on the standard it indi- 
cates that the position of the are must be adjusted. 
The current is led to the lamp through the revoly 

ing platform which carries the lenses, the contact 
connection between the fixed and moving parts 
being effected by a steel pin travelling in a smal! 
circular trough of mercury. The other end of the 
circuit is completed by a ground. The switchboar| 
for the lamp is in the lighthouse, and has an am 

meter, voltmeter and four switches, each carrying 
25 amperes. The power plant and fittings will be 
in duplicate throughout, to avert the possibility of 
breakdowns. The power plant will be contained in 
an iron building, 24 x 52 ft., and will comprise two 
Ideal engines of 25 HP., with friction gearing for 
direct driving, two General Electric Co. alternators 
of 74% KW. each, which develop a current of 520 
to 550 volts when runaing at 800 revolutions per 
minute. <A separate exciter of 14% KW. is sup 
plied for each alternator. Steam is supplied by two 
25-HP. Fitzgibbon boilers, furnished by W. R. 
Fleming & Co., of New York, and draft is supplied 
by a 40-ft. smokestack. Each part of the duplicate 
switchboard will have a rheostat and a switch for 
the exciter, a rheostat for the arc current, an am- 
meter, voltmeter, station transformer, pole changer, 
ground detector and two lightning arresters. The 
powerhouse will be 200 ft. distant from the light 
house, and the wiring will be placed underground. 

The revolving lens was made by Lepaute, or 
Paris, and was exhibited at the Columbian Exposi- 
tion in 1893. It is of the ordinary form of con- 
struction, but of exceptional size, being 9 ft. in 
diameter, with a weight of over a ton, and was 
originally intended for use with oil lamps. The 
frame of the lens floats in a trough filled with mer- 
cury, and is revolved by gearing operated by a 
heavy weight and regulated by a governor whose 
balls revolve in a basin with which they come in 
contact when running too fast, the friction then 
regulating the speed. The lens is revolved to give a 
flash every five seconds, 

During the change from the present oil lamps to 
the electric system, a temporary electric light will 
be fitted in a lantern built on a bracket frame pro- 
jecting beyond the top platform of the lighthouse. 


THE METROPOLITAN WATDPR METER. 

The possibility of curtailing waste and of collect- 
ing revenue for all water used or wasted, through 
the aid of meters, is now almost universally ad- 
mitted by water-works officials. As to the type of 





THE METROPOLITAN WATER METER. 


of are and a difference of potential of 48 volts. The 
intensity of the light in the plane of the lens is 
estimated at 25,000,000 c. p., and the maximum 
light given by the lamp with the lenses removed is 
set at 8,000 c. p. The plane of the lens is 168 ft. 
above the water level and the light will be visible 
for 25 miles. It is estimated that but for the con- 
vexity of the earth the light would be visible for 142 
miles. The two lamps are carried on a turntable 
worked by a crank from the outside of the lens, 


meter most available for use, from the standpoints 
of reliability, life and cost of installation and main- 
tenance, there is naturally much difference of 
opinion. 

Of the various meters of the positive type, but 
little has ever been said in the technical journals 
in regard to the Metropotitan. This meter has 
been quite extensively used in Boston, the last re- 
port of the Boston Water Board stating that, of 
4,507 meters in use on Jan. 31,, 1804, 485 were 
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mdde by the Metropolitan Metet Co., of Moston. 
‘Thia meter, according to information furnished us 
by the comipaliy, i of thé teciprocating type, with 
a main or measuring piston, and afi auailtary valve 
or flow reversing piston. Its makers daim, as a 
special point in favor of its durability and per- 
manent accuracy, that it has mo rubber or leather 
parte, it belng made of composition or cast iron 
with gun metal working parts. Both of the valves 
iiré flat-balanced, sliding under a cover designed to 
‘elievé them ftom préssure and the consequent fric- 
tiott atid wear. The pistotts are rotating and the 
registering device consist8 of a positivé tack and 
pinion movement, the rack being fitted between the 


two theads of the piston and traveling simul- 
taneously with it. 
Thus a record is made of the total distance 


travelled by the piston and variation im the length 
of stroke does not affect the accuracy of the meter, 
as it does with meters which are arranged to 
merely count the number of strokes made. 

The accompanying sections give a general idea 
of the design of the meter. The water enters the 
chaniber between the two piston heads, H, H, 
then passes through the valve ports to the cylin- 
de® end, J, aiid aga.hst one of the piston heads. 
This piston head responds to the pressure, and 
encoutiters the aiixiliary flat slide valve, F, which 
is «dirried along tuntil passages are opened for 
water to enter the auxiliary cylinder, E. This 
operates the auxiliary piston, D, which moves 
main flat slide valve, C, and reverses the flow of 
water to the measuring cylinder, I, forcing the 
previously measured water to the consumer. 

The makers of this meter also claim that it is of 
especial merit in case solid matter enters the 
meter, as it has power enough to shear off the ob- 
struction and continue its operation. 

Since writing the above the manufacturers have 
informed us that over 800 of these meters are now 
in use in Boston. 

PAINTING, PAINTS AND VARNISHES AS 

APPLIED TO RAILWAY EQUIPMENT. 


At the February meeting of the New England 
Railroad Club, of Boston, the subject for discus- 
sion was “Painting, Paints and Varnishes as 
Applied to Railway Equipment,” which was opened 
by a paper on “Lucol,” by Mr. James L. de Frem- 
ery, President and General Manager of the Ameri- 
can Lucol Co., of New York. This material is a 
manufactured oil, made by refining the olein ex- 
tracted from animal fat and oils, and then treating 
this product by a secret process, which converts It 
into a clear, transparent, yellow oil. A comparison of 
lucol with linseed oil was given on p. 138 of our 
issue of Feb. 28, and Mr. Fremery gave instances 
showing the superiority of the former. The gable 
end of the Imperial Hotel, New York, with an 
area of 55,000 sq. ft. of surface, was given two 
eoats of lucol oil of old-ivory tint, requiring 1,692 
Ibs., or 0.27 Ib. per sq. yd. for two coats, while 
painters estimating such work on a linseed oil basis 
figure on \% Ib. of paint per sq. yd. of surface, two 
coats, thus showing a saving of 46% in favor of 
lucol. Lucol was also used for the Starin pier 
shed at the foot of Cortlandt St., New York. This 
structure projects about 800 ft. into the Hudson 
River, and about eight months ago the bright new 
galvanized iron covering was given two coats of 
lucol paint, 6,047 Ibs. of paint being required for 
171,000 sq. ft. of surface. This paint was com- 
posed of 318 gallons of lucol, 3,272 lbs. of At- 
lantic lead and 392 Ibs. of color. On this pier, as 
well as on the Lehigh Valley R. R. sheds, the 
paint is said to have been little affected after an 
exposure of about eight months, the paint being 
elastic and retaining its appearance better than lin- 
seed-oil paint would have done. As to longer ex- 
posure, instances were cited of painting done two 
years ago on the Brooklyn Bridge. and on the 
property of the Staten Island Rapid Transit Co., 
the Boston & Albany R. R.. Boston & Maino R. 
R., ete. For a given quantity of pigment more 
lucol should be used than linseed oil, and the Iucol 
paint should be flowed on with a full brush and 
rubbed out gently, except when a special surface 
is required, and the paint will run less than lin- 
seed-oil paint. Thus, for house work, 7 Jbs, of 
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freen pigment to a gallon of lucol oil will equal 12 
Ibs: te a gallon of linseed oil. 

Mr. Albert P. Dane, Master Locomotive Painter 
of the Boston & Maite HR. R., sent a fetter com- 
plaining of the absence of skilled labor in the paint 
shop. In one shop, where ten or twelve men are 
employed, only one beside the foreman was a 
skilled workman, the othet» being men and boys, 
first hired as cleaners, but who dfe set to work as 
painters when there is a rush of work. Then 
again much good work is spoiled by not allowing 
sufficient time for the drying of the different coats 
and of the varnish, this being especially the case 
with locomotives and tenders, which the trans 
portation department insists on having 
the shops by a certain day. Instead of using oil 
for cleaning tenders, he considered that the paint 
and varnish would last longer if after 
each run with plenty of clean water and a little 
soap, applied with a soft sheep’s-wool sponge, then 
thoroughly rinsed with water from a hose or sprin- 
kler, and wiped dry with chamois skin. 

Mr. G. W. Lord, Master Painter of the Fiteh- 
burg R. S.. who also sent a letter, referred to the 
severe atmospheric conditions to which car var- 
nishes are subjected, as for instance, when on a 
very hot summer day the cars (with sides so hot as 
to hurt the hand) suddenly enter the Hoosae tun- 
nel, and come out into the hot sun with the sides 
wet and cold, covered with dust and 
Cars should not be washed down with hot water, 
as this spoils the luster of the varnish. Mr. Alvin 
Phillips, manager for L. J. McCloskey & Co., var 
nish manufacturers, of Boston, Mass., said that a 
body varnish for the outside of car bodies must be 
not only capable of withstanding severe atmospheric 
conditions, but also the softening and corrosive ac 
tion of steam, smoke, and gases from the engine, 
and the cutting action of dust and cinders. Mr. 
Charles E. Copp, Master Painter of the Boston & 
Maine R. R., pointed out that while good material 
is necessary, the proper use and proper care of the 
material are equally important. He considered that 
the men in charge of the painting and varnishing 
should have something to say as to when the cars 
need revarnishing or repainting. In testing varnishes 
by applying two or more kinds to the side of a car, 
one man should do all the work, as some men use 
more varnish than others, so that the varnish ap- 
plied by a man using it liberally would show a bet- 
ter result than an equally good varnish applied less 
liberally. Wiping is better than washing for clean- 
ing cars, as less water gets into the joints. Several 
speakers referred to the fact that a good deal of 
the trouble from dulling and cracking of the varnish 
is due to the work being turned out of the shops too 
soon. Mr. Bailey, of the Concord & Montreal R. 
R., advocated the use of shellac, using corn-starch 
as a filler, then four coats of shellac, and rubbing 
down with oil and fine pumice stone. Panels on 
which rubbing is done retain their gloss much 
longer. Mr. G. W. Rhodes, of the Chicago, Bur- 
lington & Quincy R. R., said that in the West less 
attention was paid to painting for the sake of ap- 
pearance, owing to financial conditions, and on the 
locomotives of his road painting is only done to pre- 
vent rusting. In the same way the high finish 
of cars is temporarily abandoned, thus saving in 
labor expense. 
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The Kast River tunnel project is being revived by 
the New York & Brooklyn Tunnel Co., incorporated at 
Albany on March 6. The incorporators and directors 
of the company are: Thomas A. Patteson, Jr., Charles 
J. Sehlagel, W. G. Amis, John C. Brucken, Charies 
Kushnmundt, John V. Bouvier, Jr., F. P. Delafield, 
Frank H. Knight, aud Samuel Slater, all of New York. 
The declared purpose of the company is to tunnel the 
East River for a passenger and freight railway, with 
a New York terminus somewhere “between Whitehall 
and Bast 17th St.,"" and a Brooklyn terminus ““between 
Atlantic Ave. and North 8th St.” 


A bill is before the Minnesota legislature proposing 
to raise money for the building of highways by tax- 
ing untaxed railway lands in the state 5 ets. per acre 
annually. This money is to be divided among the 43 
counties containing railway lands, or two-thirds of the 
state, and it is to be expended solely for the improve- 
ment of roads. Mr. Goodell, President of the Good 
Roads Association of the state, prepared the bill and 
argues that it would Luild 2,000 miles of good roads 
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annually, would tucréase the population 100,000 in the 
next ten years, and increase the taxable value of prop 
erty in these counties $1 per acre in the same time, a 
sum aggregating nearly $37,000,000. 


A course of six lectures on *“‘How 
Being Utilized’’ is to be given at 
New York city, by Mr. Francis B. Crocker, M. Inst 
Dlee. E., of Electrical Engineering The 
lecture will be given at 8:15 o'clock on Thursday even 
ings, commencing March 21, and the subjects are to be 
as follows: “How Electricity is Generated and Stored 
‘Alternating Currents,” “‘How Electricity is Used for 


Electricity is Now 
Columbia Cx 


1lege, 


Professor 


Heating and Lighting,”’ ‘‘The Electric Motor and Its 
Use in Transmission of Power,”’ “Electric Railways’ 
and “The Telegraph and Telephone." The price of 


tickets for the course is SS, and tickets may be ob 
tained from the secretary of the president of the eo 
lege. 


Electricity has been rated as a dutlable article by 
The 
arose in connection with Importing it Into Canada for 
lighting from the plant ef the 
Niagara Falls Hydraulic Power & Manufacturing Co 
Ihe Comptroller decides that it comes under the head 
of unenumerated articles and must pay 20° duty 


the Canadian Comptroller of Customs question 


power and purposes 


An auto-manual, or 
system is to be 
railway. 


manual-controlled, 
the underground 
The starting signal at each block is normally 
locked at “track blocked."* In 1 
© to B, the signalman at € will 
signal on the bell, 


block signal 
used on Glasgow 

from 
ready’ 
D> will then 
(if the track is clear) lower the miniature signal arm 


operating, say 
the “he 


and the signalman at 


give 


in the © tower by pressing his electric plunger, which 
will also release an electric coll on the starting signal 
at C, for section C-D. The signalman at C may then 
lower his starting signal (which hitherto was electrically 
locked) and allow the train to proceed, notifying the 
man at D that the train has left, and the latter will 
press a second plunger which will raise the miniature 
signal arm in the C tower to “track blocked.” and at 
the same time effectually lock the starting signal 
there until it is again released from the D tower. The 
signalman at D repeats the bell signals to FE, and when 
the train has passed from C-D to D-E he signals back 
to send on the second train from ©. But as long as 
the first train is in block section C-D it is impossible 
for the signalman at D to signal “line clear’ back to 
the signalman at C, for his plunger is electrically 
locked until the train passes into D-E. Outside each 
starting signal will be a treadle operated by the en 
gine, and when that at D is depressed it electrically 
releases the plunger In the tower, so that the signal- 
ivan can then release the lock of the starting signal 
at © and signal the man at that tower to send on the 
next train. This mechanism makes it impossible to 
give a “track clear’ signal by mistake. 

An ingenious time of 
way that admits 


apparatus for checking the 
entry of workmen at factories in a 
of no dispute, says “The Engineer,” has been made 
by Messrs. Pascall and Stocker, of Waterloo road, 
London, 8. E. A clock is fitted with a tube holding 
a column of numbered tickets or blanks, which are 
released one by every five minutes or other 
suitable interval, and are received in a shoot or tube 
The workers drop their tickets Into the same tube as 
they enter the factory. The mixed tickets are taken 
out in a column or pile, and, being sorted, the tickets 
dropped by the clock indicate the time at which the 
workmen's tickets were placed in the apparatus, as 
the latter are between the clock tickets. 


one at 





A decision in the air-brake patent litigation between 
the Westinghouse Air-Brake Co. and the Boyden 
Power Brake Co., of Baltimore, was rendered by 
Judge Morris in the U. S. Cireuvit Court at Baltimore 
on Mareh 11. The Boyden Co. was sued for infringe 
ment of claims 1, 2, and 4 of Patent No. 360,070, is 
sued to Geo. Westinghouse, Jr. The decision of the 
court holds that the Boyden triple-valve on which sul!t 
brought, infringes Claim 2 of the patent, 
infringe Claims 1 and 4. In the patent in 
suit, Claims 1 and 4 include the use of a supple 
mentary emergency valve separate from the valve, 
and the court decided that in the Boyden triple-valve 
the emergency valve forms part of the main 
and is not independent thereof. Clalm 2, 
declared to be infringed, is as follows: 


was but 


does not 


valve, 
which is 


In a brake mechanism, the combination of a main- 

air pipe, an auxiliary reservoir, a brake-cylinder and 
a triple valve having a piston whose preliminary 
traverse admits air from the anxiliary reservoir to 
the brake-cylinder, and which by a further traverse 
admits sir directly from the main-air pipe to the 
brake-cylinder, substantially as set forth. 

This claim is said to cover every triple-valve which 
has been thus far manufactured by ‘the Boyden Co 
The decision the usual order for 
an injunction accounting by the'de- 
fendants in the case. 


is accompanied by 


against and an 
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We omit in this issue our regular Inset sheet of 
drawings, and in its stead add eight extra pages 
to this number in order to present to our 
readers in full in one issue the report of 
Capt. W. H. Bixby, U. 8S. Engineers, upon 
wind pressure in engineering construction. We 
risk nothing in saying that this monograph is 
the most complete and reliable treatise upon this 
subject that has ever been written. It 
practically all that has ever been recorded upon 
this important element in structural design, and 
gathers under head much matter now so 
scattered as to be practically unavailable to the 
profession at large. The report has been printd 
by the government, but the edition was limited to 
about 500 copies, we understand, and under the 
present method of disposing of public documents of 
this character, the engineers, who really would 
derive profit and pleasure from studying this re- 
port, stand a very small chance of obtaining 
copies. The report is too generally useful to the 
profession to be buried in this manner, and we 
therefore reprint it in full, being enabled to do so 
by the permission of the Seeretary of War. 

For the convenience of any readers who may Wish 
to bind or preserve this report separately from the 
files of the paper, we have placed it upon the last 
ten pages of the issue, so that it may be removed 
intact without mutilation of the rest of the paper. 
We may say further that Capt. Bixby is still con- 
tinuing his researches on this subject and would 
be pleased to receive from any one interested in it 
copies of any printed matter not referred to in his 
monograph, or any information. 

In view of the present generally admitted im- 
portance of fully and intelligently studying the ef- 
fect of wind pressure, and applying the results of 
such study in the design of large structures, it is 
astonishing how little attention was given by 
engineers to this possible effect only a few years 
ago. The Tay Bridge disaster of 1880 seems to mark 
the point of departure. Previous to that disas- 
trous event the literature upon this subject was 
very seanty, and the experiments previously re- 
corded were of very uncertain value. Up to 
1880 American and English bridge engineers who 
considered the question at all attempted to provide 
against a possible wind pressure of from 30 ¢o 50 
Ibs. per sq. ft. But the rules of design in this re- 
were empirical and lax in application, and 
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in many American bridges the actual cross sections 
of the wind-bracing show that if these pressures 
were suddenly applied to one girder alone the re- 
sulting stress would be very high, and in some 
cases would closely approach, if not exceed, the 
elastic limit of the metal. Many English bridges 
were built without wind-bracing at all, or with 
bracing totally inefficient against the pressures 
named above. 


= - 

How little was really known by engineers of the 
true effect of wind pressure and of the means of 
providing for it in structures, is shown in the pub- 
lished controversy following the overturning of the 
Tay Bridge. There was a wide divergence of opin- 
ion as to the amount of such pressure, the allowance 
to be made for it, and especially in the methods 
of calculating the area of surface supposed to 
be exposed to the effect of wind pressure. As an 
example of the latter point of difference in opin- 
ions, it may be said that English engineers as- 
sumed an exposed area of 800 sq. ft. in the Tay 
Bridge, while Mr, C. Shaler Smith, by the rules of 
American practice, measured this surface as 2,576 
sq. ft., a difference of 3.2 to 1. The controversy 
of 1880-1881 brought out many valuable papers 
and personal observations upon the force and action 
of wind and tornadoes upon bridges and other 
structures, and these have been followed since by 
many careful experiments with more delicate and 
modern instruments, and a general remodeling of 
practice in considering this element of stress and 
possible danger. 


The history of this progress is detailed to date by 
Capt. Bixby, and the general conclusion seems to be 
that while we know much more than we did in 
1880, we have yet much to learn regarding the 
power and vagaries of wind storms as exerted upon 
the works of engineers. Our ordinary recording in- 
struments are found to be too imperfect to permit 
the founding of general laws upon the results re- 
corded by them; and this is especially true in the 
case of long span bridges, towards the building of 
which there is now a decided tendency among engi- 
neers and capitalists. Engineers, with all the light 
of later experiment, still vary in their practice, and 
in the design of long-span bridges Capt. Bixby finds 
a difference of 100 per cent. between several mod- 
ern methods of estimating the actual wind stress 
upon such structures. The cash value of reducing 
this margin in what is now recognized as one of 
the costly features of the bridge, and the import- 
ance of reducing the chances of danger to the pub- 
lic that may follow the work of a generally compe- 
tent but too economical engineer are self-evident 
points. Engineers owe it to themselves and to the 
public they serve to make every effort to reduce to 
the lowest limits all factors of chance or ignorance; 
and this can only be done by further intelligent and 
more careful study and experiment. Isaac Newton, 
200 years ago, laid down the general law of the re- 
lation between wind velocity and wind pressure, 
and his law remains undisputed to-day. What we 
want now are the actual pressures upon existing 
structures of large areas; and until we know more 
about this feature than we do at present, the 20- 
storied buildings going up about us must take their 
chances in exceptional storms, or depend for their 
stability upon an unknown and costly excess of sec- 
tion in their members. 


In connection with this report we would call the 
attention of readers to the interesting recent experi- 
ments on wind pressure contained in our issue of 
Feb. 14. In this article a Danish engineer con- 
siders the effect of suction produced by a current 
of air striking a plane surface at various angles, 
and his results are remarkable in showing how large 
a percentage of the total effect is covered by this 
suction. While these experiments apply more to 
buildings than to bridge construction, this suction 
effect may well explain some hitherto puzzling 
bridge disasters, like the vertical lifting of the 
Louisville & Jeffersonville bridge. The point is 
made by the writer of the article, that while a 
bridge may be carefully designed to resist a hori- 
zontal wind pressure, the wind may strike the struct- 
ure on the under side at an angle of 10° with the 
horizon; and in such an event the author figures 
that the upward suction, or lifting effect, may equal 
45°, of the normal pressure. The important lesson 
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taught is that the wind very often really acts 
a direction quite different from that assumed 4; 
provided for, and dead weight and secure anchora, 
to piers become very important factors in securi: 
against the erratic action of wind storms. 
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The New York Rapid Transit Commission jy; 
followed up its adoption of a route, as noted in «) 
issue of Feb. 21, by the adoption of a general pla; 
of construction which seems to be on the whole 
very satisfactory solution of the difficult problem 
presented, Two tracks on a level are to be provide: 
for, from Battery Place to Vesey St., with provisio; 
made for two more tracks between them when th) 
traffic demands it; and from Vesey St. up Broa‘! 
way to 14th St. there are to be four tracks, a 
nearly as possible on a level. From 14th St., on th: 
west side, there are to be four tracks on a level t. 
135th St., and two tracks from that point to 1851 
St., so placed on the sides of the street that tw. 
more may be built between them when the growt! 
of traffic makes it necessary. On the east side o! 
the city there would be four parallel tracks on a 
level from 14th St. to 44th St., and two paralle! 
tracks from 44th to 146th St. 

This plan of construction, with the 13% ft. of 
width per track which the Commission has decided 
to be necessary for safe operation, will make neces 
sary the taking of the vault space along Broadway, 
which will necessitate an increased outlay of some 
$5,000,000. On the other hand, it provides for an 
improvement which has been advocated in this 
journal from the first, viz., the provision of pipe 
galleries at the sides of or beneath the railway tun 
nel, in which all sewers, water and gas pipes, wires, 
and other sub-surface structures under Broadway 
will be placed. This disposition of these street ob 
structions, while costly in the beginning, has many 
advantages and future economies. In the first 
place, it permits the building of the subway in open 
cut, with its roof as near the street surface as pos 
sible; reduces the depth of excavation, and conse 
quently the danger to buildings, to a minimum, and 
eliminates the very doubtful engineering problem of 
tunnelling under these obstructions and of attempt 
ing to maintain them intact during construction. 
Broadway is particularly obstructed with pipes. 
drains and conduits of all kinds; the underlying soil 
is sand or gravel, and any attempt to tunnel under 
obstructions of this kind is practically without prece- 
dent, and would be attended by risk and dangers 
that would greatly swell the estimate and proposil 
of any experienced and responsible-contractor. As 
a consequence, the removal of a potent element of 
doubt, risk, and outlay, by this simplification of con- 
struction, should largely offset the cost of acquiring 
the vault space along Broadway needed for the four 
tracks on a level. 

Aside from the immediate advantages of an open 
cut of minimum depth for the building of the sub- 
way, the definite disposal of these sewers, pipes, and 
wire conduits in accessible galleries has other and 
far-reaching advantages. Such disposal practicall) 
settles for all time the vexed question of street open- 
ings for repairs, additions, and changes in these 
sub-surface structures, and permits, what is now 
impossible, the maintenance of a good street pave 
ment at a reasonable outlay. Were it possible to 
compute the money expended, even during the last 
ten years, in digging up Broadway and again laying 
down the pavement with all its attendant evils of 
obstruction to traffic, uneven settlement, and con- 
sequent bad surface, it would probably be found 
that the aggregate amount far exceeded the cost 
of roomy and substantial pipe subways the whole 


-length of the street. 


Moreover, in this age of discovery and introduc- 
tion of new appliances for the convenience of man, 
there is no assurance but that all Broadway may 
be dug up again within the next ten years for the 
replacement of some of the material now buried be- 
neath it, and there is every probability that this will 
happen. In providing against this contingency, 
therefore, the action of the Rapid Transit Commis- 
sion must be commended, and few will doubt but 
that the larger expenditure required in providing for 
a tunnel and subway space 62% ft. wide along 
Broadway will prove to be money wisely invested. 


The Iron & Steel Institute ,of*Great Britain 
is distinguished among the world’s engineering 
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-ocieties by the fact that it ignores national bound- 
aries and racial prejudices to a greater extent than 
any other engineering society in the world, with the 
exception of those that are actually international 
ganizations. The Institute’s cosmopolitan char- 
acter is shown not so much by its membership, al- 
‘hough this includes a large number of the promi- 
nent metallurgical engineers in other countries than 
Great Britain, as in the meetings which it has 
held in foreign countries and the extent to which its 
transactions are contributed to by foreigners and 
illustrate and describe foreign practice. The In- 
stitute’s freedom from insular prejudice is also well 
shown by its frequent bestowal upon foreigners 
of the Bessemer medal, established by Sir Henry 
Bessemer, and annually awarded to some engineer 
deserving distinction for his work in the advance- 
ment of iron and steel metallurgy. The bestowal of 
this medal upon John Fritz, of the Bethlehem Iron 
Works,a year ago,is familiar to our readers. The an- 
nouncement has just been made that this year also 
this honor has been given to an American engineer, 
the recipient being Mr. Henry Marion Howe, Past 
l’resident of the American Institute of Mining Engi- 
neers. Mr. Howe’s great work on the “Metallurgy 
of Steel” alone makes this distinction well deserved. 
A portrait and biography of Mr. Howe were given 
in our issue of July 6, 1893, at the time of his elec- 
tion to the Presidency of the Mining Engineers. 
This is the third time in five years that the Bes- 
semer medal has been awarded to an American, 
Mr. Abram 8S. Hewitt having received it in 1890, 
the year when the Institute held its session in this 
counry. 


In presenting the Darien ship-canal project of Mr. 
KXarwiese in this issue, little more is intended than 
to put upon record one more scheme for cutting the 
American isthmus. In the voluminous correspond- 
ence which we have examined, the projector gives 
evidence of having conscientiously studied this 
country and of baving made such instrumental sur- 
veys as his means permitted; and if tunnel routes 
for a ship canal are to be considered at all, he seem- 
ingly has discovered the line with the shortest tun- 
nel. But, in comparing it with other canals, he 
persistently refers to his route as having upon it 
only “285 miles of canal.” This is true, so far as 
a wholly artificial canal excavated in the native 
rock is concerned; but, by his own showing, and jn- 
cluding the rivers on both sides, which he proposes 
to dredge out and to rectify, the distance from the 
Gulf of Darien to the Pacific Ocean is about 94 
ini‘es, or nearly twice the length of the proposed 
Panama Canal, and three times longer than the 
more northerly, and thus better, San Blas route. 

For navigation purposes, it matters little whether 
the ship is passing through an artificial canal or a 
crooked river channel; the expense and danger are 
about the same, and hence the length of his bLne 
offsets, to a great degree, the alleged greater 
ecohomy in construction. 


As to the prevalent objections to tunnels on ship- 
camel routes, their advocates claim, with some jus- 
tice, that it is yet a question which would suffer 
the most by an earthquake convulsion, a well-de- 
signed tunnel in solid rock or the concrete or 
masonry construction in large canal locks. If the 
earthquake were severe enough there is little doubt 
but that it would destroy any work that man could 
tuild in this region. But we believe the real ob- 
jection lies in the very uncertain character of the 
rock in the mountains to be pierced, and dn the fact 
that deep borings, as a rule, serve to mislead 
rather than to guide, in estimating the character of 
this rock beforehand. This was the case at 
Panama, and the rock there was found to be very 
much broken and varied én character, and utterly un- 
fit for tunnelling purposes. In the case of the San 
Blas route, with its seven-mile tunnel, Mr, Kelley's 
engineer ‘believed that he would find granite and 
trap in his tunnel; but he also provided against the 
contingeney of ‘bad rock by adding over $32,000,000 
to his estimates for tunneling. With the arch 
span demanded for the passage of modern steam- 
ships this lining is absolutely necessary if there is 
the least suspicion of loose or uncertain rock over 
tread, and any safe estimate for a tunnel of the re- 
quired dimensions would have to include this con- 
tingency. As seen in the figures given for the San 
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Blas route, this lining item adds nearly $5,000,000 
per mile to the tunnel cost; and as Mr. Karwiese 
seemingly does not include this in his estimate, his 
figures of total cost should be increased by about 
$11,000,000, making his total estimate $59,000,000. 


A correspondent, Mr. W. L. Hedenberg, C. E., 
suggests that an annual tax of $1 be levied on all 
the horses in New York city, and the proceeds be 
put at the disposal of the street cleaning depart 
ment. He estimates that there are about 200,000 
horses in this city, and that a sum of at least $140, 
000, clear of the cost of collection, could be ob 
tained from this source. The chief argument in 
favor of such a plan is the fact that horses are 
chargeable with very much of the daily littering of 
our streets, and the tax suggested is not an onerous 
one to the owners under these circumstances. While 
the total amount thus raised would be but a small 
percentage of the annual expenditure in street clean 
ing in New York, it is an amount worth consider 
ing in this connection. 


THE CANDLE-POWER OF ARC LAMPS 

A great deal of friction between electric light 
ing companies and the municipal authorities in 
charge of street lighting has been caused by dis 
putes over the candle-power of are lamps. From 
the beginning of the electric lighting industry down 
to the present time, are lamps have been rated 
by their “nominal” candle-power, arid this “nom 
inal’ candle-power has been almost invariably a 
much greater than the actual candle-power 
given in service. Photometry, however, is a little 
known art, and was much less known when the are 
lamp was first put on the market than at the present 
day. The brilliancy of the electric are was so much 
beyond that of any previous source of artificial light 
that the general public, and even those in charge of 
local electric lighting plants, accepted these ratings 
in good faith, and contracts for street. lighting were 
made based on these ratings, both parties supposing 
that a 1,000 ¢. p. lamp gave 1,000 candle-power as 
regularly as the dynamo spun around at the station. 

It was not long, however, before complaints 
began to be rife concerning the amount of light 
given by the lamps both indoors and 
These were due in the first place not alone to a 
lack of actual knowledge as to what the lamps 
really were doing, but also to a highly exaggerated 
notion of the area which a lamp of 1,000 or 2,000 
candle-power really should illuminate satisfactorily. 
That the intensity of light varies as the square of 
the distance from its source is a physical fact which 
every intelligent man is supposed to know; but it 
is one thing to know an abstract fact and quite 
another thing to so appreciate its importance as to 
make practical use of it in daily life. 

The complaints of the storekeepers who had ex- 
pected a single are lamp rated at 1,000 ¢. p. to 
give several times the illumination of a dozen 
or twenty gas lamps, and of the street lighting 
committees who had located arc lamps too far apart, 
finally resulted in some actual photometric tests, 
the result of which was about equally surprising 
to the electric lighting men and the purchasers of 
light. In the first place, it was found that the act- 
ual candle-power of an arc lamp was far less than 
its rated candle-power. In the second place it was 
found that the measurement of are lamp candle- 
power was difficult to accomplish with any approach 
to accuracy, and this was especially the case if the 
candle-power was required to be measured with the 
lamp in position in the street. In the third 
place, the fact was developed that light radiated 
from an are lamp is very unequally distributed. 
According to diagrams published in our issue of 
Dec. 19, 1891, if the candle-power given off in a 
horizontal plane by an arc be taken as 200 
ce. p., then that directed downward in a line making 
an angle of 20° with the horizontal may be 400 to 
700 ¢. p., and the maximum of 650 to 1,050 c. p. 
is attained at an inclination of between 35° and 
50°. At 60° the light falls off to some 300 to 700 
e. p. This is the actual light emitted by a lamp 
consuming about 405 watts of electrical energy per 
hour, or about the size of lamp that has been ordin- 
arily rated at 2,000 c. p. 

Under all these circumstances, the absurdity of 
contracting to furnish street lights of a certain 


outdoors. 


~ 
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candle-power, without specifying when and how 
the candle-power to be measured, is manifest 


At the convention of the National Electric Lighting 
Association in 1894 a committee recommended that 
instead of rating are lamps by candle-power they 
should be rated by the electrical energy consumed 
and that a 2,000 ¢. p. lamp should be one absorbing 
10 watts per hour. 

But at the convention of the just 
held at Cleveland, Mr. L. B. Marks read a paper 
on “Are Carbons and the Rating of Are Lamps,” 


Association 


in which he showed conclusively that the amount of 
light given out by the same lamp, taking the same 
amount of electric 
to 40 
The same law seems to hold good here as in the 


energy, varies as much as 2 


according to the quality of the carbons used, 
incandescent lamp, that is, the carbons which give 
least light per unit of energy expended last longest, 
and those which give the highest efficiency, that is, 
the umount of light 
electric energy expended, burn away 


greatest in proportion to the 
most rapidly 
When we consider the fact that an are lamp carbon 
becomes luminous by the vaporization of the carbon 
under the intense heat, the reason is apparent Why 
the soft whieh 
give the best light. 


carbons, burn away most rapidly, 

Besides the mechanical density, the composition 
and form of the carbon have much to do with the 
efficiency of the lamp. It has been very 
both by lighting managers and 


carbon manufacturers, that an absolutely pure pe 


generally 
supposed, electric 
troleum coke carbon would give better results than 
any other, Tests by Prof. Marks, however, showed 
that carbons made with special reference to secure 
absolute purity gave less satisfactory results than 
ordinary commercial These very pure 
carbons began to hiss at a potential of 53 volts, 
corresponding to a consumption of energy of 40% 
watts, whereas ordinary commercial carbons did 
not hiss till the potential fell to 41 to 51 volts, cor 
responding to 390 to 485 

Again, cored carbons have come largely into use, 
especially for indoor service, as they do not hiss 
until the potential falls to some 31 to 35 volts 


carbons. 


watts. 


‘Tests 
show, however, that such carbons, while giving a 
very steady light, give less light by 15 to 20% for 
a given consumption of energy than a solid carbon. 
With alternating current ares this rule is reversed, 
and the solid carbon gives less light with the same 
consumption of energy than the cored carbon. It is 
also found that on the whole the direct current are 
lamp gives more light per unit of energy expanded 
than the alternating lamp. 

A German scientist has propounded the law that 
with a given current the candle-power of an are 
varies inversely with the square of the diameter of 
the carbon. In other words, the emission of light 
increases rapidly with increase in the amount of 
electricity forced through a unit area of 
section of the carbon. Of course, this law is ‘true 
only in a roughly approximate way. 


CTOBS 


Prof. Marks also stated in the paper above re 
ferred to that the candle-power of a lamp is in 
fluenced materially by variations in the character 
and size of grain of the pulverized crude material, 
in the nature of the binders, the consistency of the 
mixture when finished, in the pressure at which the 
carbon is molded or squirted, in the duration of 
carbonization and the temperature at which it ix 
performed. Finally, the quality of the light varies 
materially with the current used. Are lamps on 
incandescent, or constant potential, circuits pro- 
duce more yellow rays, whereas with the ordinary 
constant current are lamp the rays at the other 
end of the spectrum predominate, giving the light 
its distinctively violet tinge. 

In view of all these facts, the question arises, on 
what basis should a contract for street lighting by 
are lamps be made? The old basis of contracting for 
so many street lamps of so many nominal candle- 
power each is absolutely meaningless, On the 
other hand, if a city contracts for street lamps 
each consuming 450 watts of energy it may get good 
light or poor light, according to the kind of car- 
bons used. In fact, there will be a certain tendency 
for the electric lighting company to try to increase 
its profits by using hard carbons of low efficiency, 
which will burn away slowly, rather than soft, 
rapid-burning carbons of high efficiency. It mat 
be said that the electric lighting company will en- 
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deavor to give the most light possible from the 
given current consumption in order to give satis- 
factory service; and this may be true where street 
lighting contracts run for only one year. But it 
is generally admitted that these short-term con- 
tracts for public lighting are poor policy for the 
public, as well as for the contractor. Low prices 
for street lighting combined with efficient service 
cau never be expected if the contractor has no se- 
curity that the plant he installs will be in use longer 
than a twelvemonth. What is wanted is some 
definite basis of agreement under which a city can 
contract for lighting for a five-year or ten-year 
term, with fall assurance that it can at any time 
determine whether it is receiving all it has agreed 
to pay for. 

In the light of present knowledge it would seem 
that no contract which merely specifies the number 
of watts a lamp shall consume, nor states it to be of 
so many nominal candle-power, is likely to give sat- 
isfaction. If the lamp is to be rated by watts, then 
some provision should be inserted in the contract re- 
quiring the electric lighting company to furnish car- 
bons which will convert the energy into light with 
reasonably high efficiency. 

But there are many indications that no rating of 
street lamps on any other basis than candle-power 
is likely to come into general use, What is actu- 
ally purchased is light, not electric current. The 
lighting company provides and maintains the ap- 
paratas for converting the current into light, and 
is entitled to credit for doing this with efficiency. 
If a town or city were to establish its own 
lamp-posts and lamps, and furnish its own car- 
bons, it would then be entirely proper to purchase 
current supply of a given amount at a given rate 
per lamp. This practice, however, has never been 
adopted, save possibly in isolated cases. 

A still more potent reason why the candle-power 
rating is likely to be adhered to is that it is a 
basis which the non-technical man can understand. 
The city authorities who contract for street light- 
ing will require the contract to be put in terms 
within their comprehension. 


The proposition has been made in this connec 
tion that instead of measuring the intensity of the 
sources of light, contracts might be made to spee:fy 


the amount of illumination. A valuable paper, read 
before the Institution of Civil Engineers and given 
in our issue of Nov. 24, 1892,described the measure- 
ment of illumination and a convenient portable 
photometer for effecting such measurements, This 
subject has been recently brought up again by a 
paper read at the Cleveland meeting of the Electric 
Light Association by Messrs. Houston and Ken- 
nelly, in which the authors advocated the measure- 
ment of illumination and described an instrument 
which they had invented for that purpose. In this 
paper the plan- was advocated of basing contracts 
for street lighting upon the illumination furnished 
rather than the intensity of the sources of light. It 
seems very doubtful, however, whether such a basis 
for lighting contracts is likely to find favor. The 
itumination along a city street, for example, is 
greatly influenced by the character of the buildings 
along it, and the relative reflection and absorption 
of light from their walls. Unless a lighting com- 
pany had entire control over the spacing and loca- 
tion of the lamps it could hardly venture to enter 
into such a contract. 

On the whole, therefore, the reform that seems 
most desirable, with our present knowledge, is a re- 
form in the rating of lamp candle-power. A con- 
tract for street Itghting should specify that each 
arc lamp shall consume so many watts, and shall 
have an intensity of at least so many actual candle- 
power in a direction making an angle of say 35° 
with the horizon. This candle-power should be 
that which the lamp is capable of actually showing 
under test when supplied with carbons of reason- 
ably high efficiency, and not the meaningless can- 
dle-power rating of the manufacturers. 

The parties to such a contract should fully under- 
stand that the candle-power of an are lamp is sub- 
ject to more or less variation, and that it cannot 
be measured with the exactness that weight or 
length can be determined, On the other hand, it 
can be measured with accuracy sufficient to de- 
termine whether the city is getting what it pays for 
iy illumination, and to check any effort of the con- 


tractor to economize at the expense of the quality 
of service, and this is, after all, the purpose of all 
such contract requirements. 


LETTERS TO THE EDITOR. 


THE SEWAGE PRECIPITATION PLANT AT NEW 
ROCHELLE, N. Y.—CORRECTION. 


Sir: We notice in your issue of Feb. 28 an article 
on the chemical precipitation plant at New Rochelle, 
N. Y., wherein you mention, amongst other materials 
having been used in this work, Taylor's American 
Portland cement. This is an error; it should read 
“Saylor’s.’’ .We remain, yours truly, 

Johnson & Wilson. 

45 Broadway, New York, March 2, 1895. 


SUBLIMED WHITE LEAD AS A PIGMENT. 

Sir: Among the pigments used in painting wood and 
structural iron works, enumerated in recent articles 
on paints and patnting in your columns, I find no 
mention of sublimed white lead, no doubt because it 
is a comparatively new pigment. Allow me to point 
out concerning this pigment that with oil it forms a 
remarkably smooth paint, far smoother than either 
red lead or corroded white lead; that it does not crack 
or peel; that it covers the surface with a perfect elas- 
tic coat that will stand the ordinary expansion and con- 
traction of any metals, and that it will outwear any 
other lead paint, and is not acted un by acid gases. 
Iron painted with sublimed white lead, for many years 
exposed to the most severe tests, is in as good a state 
of preservation as the day it was painted, and the 
paint itself has suffered but very little decay. 

Yours truly, Cc. V. Petraeus, 
Joplin, Mo., March 5, 1895. Chemist. 


STANDARD SIZES FOR CATALOGUES AND SPEC- 
IFICATIONS. 

Sir: I am glad you are again calling attention to the 
matter of standard sizes for trade catalogues (editorial 
note in your issue of Feb. 21.) Coupled with the 
sizes for these I notice that there is also a standard 
size for specifications, viz., 84 x 10% ins. I would be 
pleased to know what advantage this size has over the 
one which you advocate for catalogues, the 6x9 ins. 
I have been looking over some specifications which I 
have at hand and note the following sizes: Four 6x 9 
ins., and one each of the following sizes: 844 x 10% 
ins., 7x 10 ins., 54 x 8% ins., 5x 7% Ins., 4x 6% ins. 
It seems useless to lecture manufacturers, when en- 
gineers are the greatest aggressors. Yours truly. 

. W. O. Lelime. 

(We presume the 84% x 10% size for specifications 
has no better justification than the fact that a spec - 
fication commonly forms part of a legal document, 
and therefore approximates to the well known 
“legal cap” size, which has been used by lawyers 
from time immemorial. The committee which 
adopted the standard sizes endeavored to conform 
as much as possible to customs already established; 
and a standard size for specifications departing 
materially from the time-honored legal cap size 
would probably be more honored in the breach than 
the observance. From the letters we receive from 
manufacturers informing us of their determination 
to conform to the standard sizes, we are of the 
opinion that it is by no means useless to “lecture” 
them. Really, it is a matter of far more import- 
ance to them than to the engineers. The manu- 
facturers of the country spend many millions of 
dollars annually in catalogues. Anything which 
will induce customers to file and use these cata- 
logues, instead of pestering the manufacturer with 
voluminous correspondence and calling for a visit 
from a traveling salesman for every little order, 
is of great importance to manufacturers.—Ed.) 


THE SPECIFICATIONS FOR THE NEW YORK 


AND NEW JERSEY BRIDGE. 


Sir: Are reasonable and bona fide bids likely to be 
secured on Mr. Theodore Cooper's specifications for 
the proposed New York & New Jersey bridge, pub- 
lished in your issue of March 7? In the first place, 
neither the New York & New Jersey Bridge Co. nor 
the New York & New Jersey Construction Co. have 
ever shown their financial solidity or standing. Sec- 
ondly, the location of the bridge, as well as its design 
and detail, are subject to ratification and acceptance 
by not fewer than four parties, viz., the two companies 
mentioned above, the New York & New Jersey Bridge 
Commission and the Secretary of War. Thirdly, 


President Kerr, of thé New York & Néw |, 
Construetion GB., lias said: “If it” (the bridy, 
forth in Mr. Cooper’s specifications) “can be 
within the estimate of $23,000,000 made by the ¢ 
ment board of experts, we will at once proceed 
the work.” 

The question is then, will any responsible cont) 
or bridge company spend months of study and |) 
and go to thousands of dollars of expense, to f) 
plans and estimates for a gigantic structure, the » 
ability of construction of which is based on so ), 
contingencies beyond the bidder's influence or 
trol? It is to be noted that each inténding bida 
obliged to file a “good” botid, satisfactory to a . 
pany which has never shown its own financial s: 
ing. As the location of such a bridge tnflue; 
greatly the actual plans and costs, the contracto 
making his bid must allow large margins for poss 
changes in the site, increasing the cost of const 
tion. No reasonable estimate of the cost of a 2 
bridge, such as the one under consideration, can 
made unless it is based on an actual location, and 
less shop drawings of a structure to occupy that | 
tion are worked out in minutest detail. 

The specifications as drawn provide for a bridge 
the heaviest type in general and in detail. They m 
provision for loads and strains which cannot possi 
come on such a structure, and, moreover, all stra 
are provided for in the same manner as in tris 
bridges, which have but two carrying menibers, 
failure of any one detail of which may cause fail 
of the entire structure. Mr. Cooper, in explaining })\- 
specifications, says: “Such a bridge should not 
built for the present only, nor should a false econo 
cause the bridge to be designed and constructed up 
the idea of restricting the speed, size, weight, 
frequency of trains. In other words, you could not 
afford to tell any of these railways, by signals 
otherwise, that another train could not be allowe: 
upon the bridge because it was not built strony 
enough. The specifications are therefore drawn 
rule out any plans which may be presented as ches) 
structures.””. This: means that the specifications ar: 
purposely drawn to produce a heavy bridge, as is 
customary with Mr. Cooper in his practice as a truss 
bridge designer. 

Again, these specifications take no account of the 
fact that the floor system, consisting of several longi 
tudinal stiffening trusses and twelve lines of stringers 
all rigidly connected to the floor beams, acts as « 
complete system of wind bracing. On the contrary 
a system of the latter is called for, precisely as in 
truss bridges, where lateral distortion may easily be 
fatal. Besides all this, the heaviest type of structures 
are prescribed for stiffening trusses and floor systems, 
instead of permitting the use of those more economic:! 
in weight. The unit strains in the members are in 
almost all cases those which are customary in truss 
bridges, overlooking the fact that much greater strains 
are permissible in suspension bridges. 

The kind of wire prescribed is such that it will pro- 
duce neither the lightest nor the cheapest cables. Muci 
stronger wire is readily obtainable in this country, as 
well as abroad, and at a price but little higher than 
the price of wire of the strength specified. It will be 
noticed that none of the wire, whether used for cables 
wrapping, or for suspenders, is to be galvanized or 
protected against corrosion, except by being dipped in 
a proper coating of oil, which alone, however, is quite 
insufficient to prevent -corrosion. 

The loading on the bridge is taken as is customary 
in ordinary truss bridges, and the heaviest loads whicl 
could by any manner of means be placed upon the 
bridge are assumed as necessary to meet everyday de- 
mands. As the bridge immediately adjoins a termina! 
station, where arrival and departure of trains are always 
carefully arranged and speed of all trains is always un- 
der most perfect and complete control, it is absolutely 
inrpossible that the bridge itself will ever at any time 
be loaded throughout its length by trains of the 
heaviest type, and there can be no question that the 
number of trains on the bridge will be carefully regu- 
lated. The speed of trains can never reach the maxi- 
mum provided for, as the bridge by the specifications 
must have a grade of more than 144%, and the trains 
in either direction either start from rest or come to 
rest within a mile of the bridge. Heavy trains can- 
not on such grades obtain high speed within a dis- 
tance of several miles. 

In view of the above array of facts, Is it probable 
that a reasonable, bona-fide bid will be secured on the 
strength of these specifications? I venture to predict 
that but one bid may possibly be presented, and that 
by a party very much in interest and presented merely 
for the purpose of showing a suspension bridge to be 
vastly more costly than the estimates made by the 
several boards of experts who have heretofore care- 
fully studied the problem. Yours truly, 

@us. C. Henning. 

New York, March 12, 1895, 


























































































March 14, 1895.) 


WIND PRESSURES IN ENGINEERING CON- 
STRUCTION.* 


Ly W. H. Bixby, M. Am. Soe. C. E., Captain pf 
Engineers, U. S. A. 


As the question of wind pressures is now at- 
ting the attention of engineers more than formerly, 
is thought well to run over hastily the history of 
<t experiments and past and present literature on the 
eral subject of fluid motion against plates and solids, 
ing brief summaries of the most inportant sets of 

xperiments (and reports on the same) which might be 
iesirably referred to by any one wishing to examine 
further and in detail Into such subject. 
». Simee the accuracy of observations and also of de- 
tions therefrom depend greatly upon the previous 
uwledge of each experimenter or writer, and also on 
1 perfection of the methods and apparatus employed, 
. is quite important to bear always in mind the date 
the experiments or treatises. Accordingly the follow- 
w st is here inserted to show approximately the 
jaces of such of the principal experiments or treatises 
is may either be referred to below or may be met in 
consulting other works on this general subject: 


Year. Bxperimenter or Writer. 

LST . (ballistics). 

1500-1638. . Galileo. 

1643 . “Dorcel. 

1667 : Hooke (pendulum anemometer). 

168% . .Mariotte. 

16ST . Newton. 

\718-38 ..Daniel Bernouilli (fluids and ballistics). 

1720 ..8. Gravesande. 

1724 ..Leupeld (gravity anemometer and tube ane- 
mometer 

1742-81 ..iRobins (fluids and ballistics). 

1744-52 ..d’Alembert. 

1751 .- Rumford (ballistics). 

1759 . Rouse and Smeaton. 

Tee oe, ee anemometer). 

7é& ‘ 

1775 .-Lind ne anemometer). 

1777 J 

1780-6 ‘“Dubuat. 

1780-90 ..Coulomb. 

1783 . .Bdgeworth, 

1785-00 ..Woltmann. 

1786-00. -Gmttos (fluids and ballistics). 

1798 .. Vinee. 

1801 . ‘Ey rolwein. 

180 . .Benzenburg, 

1808 .. Venturoli. 

1810-15 ..Swedish Oommission. 

1821-34 ..Beaufoy. 

1826-8 .. Thibault 

1826-8 ..Bessel. 

1826-51 ..Poncelet. 

1827-9 .. Sabine. 

1829-42 ..Duch n. 

1831 . -Rennie. 

1832 Belly: 

1835-38 Skerry Leet Didion (at Metz) (fluids 
an 

1837 - Oeie r (spring anemometer). 

1s46 o watiod = anemometer). 

1851 *"Beokes (treatise 

1835 ..J. B. Francis. ° 

1861 . Helie (ballistics). 

1865-70 ..Bashforth (ballistics). 

— — and Browning. 

1872-8 : Dohranat. 

187! . Robin 

187! «sie M. “Wellington (trains). 

1880 Louke “Engineering”’ (on Tay Bridge). 

1880-1 ..0. Shaler Smith (on bridges). 

1880-1, - ws ae 

isa i ‘aosash ac inal Britta » 

8s & n s) ia anica. 

1X80 .-Maitland (ballisti 

1880 . .Recknagel. 

1885 od Schellbach. 

pe a nc t here) 

1885 ..Ferrel (atmosphere). > 

1888 —_ 7 

1886 oe 

1887 Abe” (apparatus). 

1887 oe Venant. 

1888-9 a 

1890 

1893 angiey. 

189% : Kernot. 


3. The usually recognized authorities on wind preas- 
ures to-day in engineering construction appear to be 
Poneelet In France (see par. 47). Unwin in Bngland (see 
par. 47, and also article on Hydromechanics in last 
editton of Encye!opedia Brittanica), and Shaler Smith 
(see par. 28 and footnote 26) in the United States. 


HISTORY OF PAST INVESTIGATIONS. 

4. Newton.—Our general theoretical treatment of the 
resistance of plates to the motion of fluids against them 
dates back to the time of Galileo in 1590; but it was 
reserved to Sir Isaac Newton to give it practical form, 
which he did in his “Principia” in about 1687, in terms 
which are expressed to-day by the general formula p = 

2 


v 
fa B= 4 a —~ a whieh p te the erecemte por unit of 
z 


surface, d is the density of the fluid, a is the maximum 
resisting area of the body in question, v is the velocity 
of relative movement of the finid, g is the coeffi- 


vy? 
cient of gravity and H — = is the height required for 
z 


gravity to give to a freely falling body the velocity v: 
the particles of the fluid being supposed perfectly free 


* Compiled the author as Appendix “C’’ of the 
Report of Rept a 1894, of the Special Army Engineer 
Board as to the Maximum Span Practicable for Sus- 
pension Bridges. Reprinted in Engineering News by 
special permission of the War Department. 





ENGINEERING NEWS. 





to move past each other in all directions. This formula, 
modified go as to apply specially to motions through air, 
becomes(') 

0.0027 P 


cmmnarntplihimatiy aterien GO 
= + .003665 t Pi 
in which p is the resistance in lbs. per sq. ft. of the 
exposed surfaces, t is the temperature in Centigrade de- 
grees, P is the barometric pressure at the place of ob- 
servation, P, is the barometric pressure at sea level 
on the 45th parallel of latitude when the temperature 
is zero Centigrade, and v is the velocity of the fluid or 
surface in miles per hour. This same formula, under 
temperatures of zero, and barometric pressures of sea 
leve! on the 45th parallel, further reduces to p = K 


1 
anmnet y? 
particular case) is a constant introduced for comparison 
of Newton's theoretical formula with the later formulae 
of practice and experiment. In this shortened formula, 
the value of p must be decreased about 1% for each 
4.5° Fahrenheit (each 2.5° Centigrade) in excess of the 
freezing point, and for 


0.0027 vy? = K , in which K (equal to 1.0 in this 


must be increased about 1% 
each 0.36 ins. excess of barometric pressure above the 
normal of 27.795 ins. (760 mm.), with other minor cor- 
rections for latitude, height of apparatus above sea 
‘evel, and dryness of air, at the place and time of ex- 
periment. The average conditions of barometer and 
thermometer in the middle of Burope and of the United 
States will therefore require these values to be de 
creased about 5% in fine summer weather, and increased 
about 10% in co!d winter storms.(*) 

5. Since the days of Newton, almost all investigators 
have sought, by practical experiments, either to prove 
the above theoretical formula or to determine the ex- 
tent of the differences between theory and practice. 
Most of the differences so far proved have been mere'y 
those obtained by varying the values of K, leaving the 
formula otherwise unchanged. In the majority of 
cases of flat surfaces normal to moving air, K has been 
found to be somewhere between 1.3 and 1.8, the gain 
of from 0.3 to 0.8 being ascribed mainly to the effects 
of the partial vacuum on the rear side of plates and 
of solids exposed to the pressure of moving fluids. In 
some few cases, experiments have added a small con- 
stant so as always to give a result slightly in excess of 
that called for by p-= K 0.0027 v*, and in still other 
cases they have also added terms to express variations 
with the first and third powers of the velocities, these 
formulae then taking the general shape of p = A + ‘By 
+ Ov? + Dy, in which A B © and D remain 
constant for the same surface and different values 
of v, some experimenters obtaining formulae in which 
A and D may be always zero, others obtaining those 
in which B and D may be zero, or A and B may be 
zero. In still other cases experimenters have added 
terms to indicate a change in the pressure per unit ac- 
cording to the outline, or else to the size, of the plate. 
However, such changes are the exception, and not the 
rule, and their necessity can hardly be regarded as yet 
proven; many of these changes having been recently 
found due partly or perhaps mainly to want of proper 
allowance for the errors or constants of the apparatus 
or methods used in the experiments. 

6. The following brief summaries will show the gen- 
eral nature of these experiments and their resulls 
and will refer the reader to such printed reports and 
papers as might be of special interest to bim, should 
he desire to go more fully into their examination. 

7. Robins.—In 1742 Robins’ experiments, with pro- 
jectiles at high velocities, suggested to him the idea 
that the resistance varied with an increasing power of 
the velocity (). 

8. Rouse.—In 1759, a Mr. Rouse, in a paper read 
by John Smeaton(*), submitted to the Royal Society of 
England a table of wind pressures based mainly upon 
his own experiments with windmills, whose sails were 
moved bodily through the air by machinery, the resist- 
ances being deduced from the weights which either 
moved the wheel or were lifted by it during varying 
velocities of movement. Smeaton, in communicating 
the tables to the society, advised them that its resist- 
ances for velocities over 50 miles per hour did not seem 
as well authenticated as for those of less than 50 miles 
per hour. This table, which has been quoted as au- 
thority in numerous hand-books, text-books, and the 
U. S. Signal Service books, since then, gives results 
which may be deduced for any special velocity from 


1 
the formula p = 0.00492 V? or p = a V? (usually 


1 
quoted for easy use as p = 9 v’); this being deduci- 


ble from the Newtonian formula by making K = 1.82. 


9. Hutton.—In 1787-8, Hutton, in England, made 

5 Seo Abbe, p. 246, A 1 Report Chief Si, nal of- 
acer, U. 8, Army we in mpart 2. Vol. IV., canal Re- 

Praies Maitinnd, in is ‘on Gunnery in Encyclope- 
i ae 173-6, seteks by F. Colli 

r summary, see p) a ie . Collin 

wood, in Vol. ary rene h Am. Soc. C. for May, 1881: 
and fall article, see Transactions ips Society, Eng- 
land, 13 May and 14 June, 1759. 





some experiments(*) with thin plates of 4 by 8 ins. on 
whirling tables, from which he deduced the value sin a 
to the 1.842 cos a power for the ratio of the resist- 
ance (parallel to the motion) of thin inclined plates to 
that of similar plates turned normally to the direction 
of the motion, a being the angle between the plate 
and the direction of the motion. This formula gives 
values as follows: 1.00 for 90°; 0.99 for 80°; 0.96 for 
70°; 0.87 for 60°; 0.72 for 50°; 0.52 for 40°; 0.33 for 
30°; 0.16 for 20°, and 0.05 for 10°. (For values of 
pressures normal to the moving plate or normal to the 
direction of motion, see further on under head of En- 
cyclopedia Britannica, I8%0, par. 38.) His experi 
with projectiles under high velocities, sug 
gested to him a formula for normal resistance of the 
form of p = Av + Bvy*; in which A and B were con 
stants (see footnote 2). 

Ww Vince.—In 1798, Samuel Vince(®) made a 
series of experiments as to the resistances of differ 
ent surfaces to motion through water, 
plane and curved surfaces of about 1 in. 
1uoving in circles of radius on bars of a 
small whirling the table being turned by a pair 
of equal weights pulling in opposite directions on two 
cords wound around a vertical drum on the vertical 
axis of rotation of the whirling tables. His results 
showed that in water and on whirling tables the resist- 
of in directions 


ments, 


about 


using various 
syuare area, 
7.57-in the 


table, 


ances surfaces 


normal to thet 
motion were closely proportional to the square 
of their velocity; that when the plane surfaces 
were inclined to the direction of their motion, 
the resistance in the direction of the motion 
varied somewhere between the sine and the 
sin? of the angle of its inclination such that’ the resist- 


ance at #0 
about 0.97, 


being taken at 1.00, that at 80° 
70° about 0.92, 60° about 0.81, 50° about 
0.67, 40° about 0.52, 30° about 0.33, 20° about 0.16, 
and 10° about 0.05; and that the resistance offered by 
the convex front of a hemisphere was only about 0.4 
times that of its flat base front. 

11. Thibault.—In 1828, Thibault also experimented 
with thin plates moved normally to their surfaces(*); 
using a whirling table of about 4.5 ft. radius, velecities 
of from 1 to 22 miles per hour, and plates of from 0.5 
to 1.00 ft. square. His results gave formulae similar to 
those of Newton except that K varied from 1.66 to 
1.00; being larger for the larger plates and also for 
those having their longer sides placed parallel to the 


would be 


radius of the whirling table. 
12. Duchemin.--In about 1829, Col. Duchemin(), in 
France, made some valuable original experiments and 


investigations on the laws of resistance of fluids, these 
results being published in 1842. In his published artl- 
cle he reviews the progress of similar investigations up 
to that time, referring to the experiments of Bernouilli 
in 1738, Rouse in 1759, Borda in 1763-7, Dubuat in 
1780, Coulomb in 1780-99, Hutton in 1788, Simuel 
Vince in 1798, Venturoli in 1808, Thibault in 1826, and 
a dozen other investigators prior to himself. These 
experiments were made with all kinds of apparatus, 
falling bodies, swinging pendulums, whirling tables, 
towage, and exposure to currents; but the velocities 
rarely exceeded 20 miles per hour. 

13. In this article he shows especially that as to 
resistances, the air acts almost identically as do water 
and other fluids, due regard being made for its iess 
density, and freer fluidity; that the resistance of thin 
plates to being moved against fluiils is only 0.62 of the 
pressure on their front surface, and only 0.67 of the 
pressure upon them when held still against the moving 
fluid; that the resistance of cylinders held end on to 
the direction of the motion, if three times as long as 
their diameter, is only 0.66 of that of their front face, 
being the same whether they or the fluid be in mo- 
tion, but if shorter than three diameters, their resist- 
ances vary with this shortness and are much greater 
when the water is in motion than when the cylinder is 
in motion, so that for cylinders so short as to be called 
thin plates the resistance is 0.932 of that of their 
front face when the water is in motion and only 0.627 
of that of the front face when the plate be moved 
against the water: that similarly-shaped surfaces 
moved with different velocities exert resistances close- 
ly proportional to the square of the velocities, to the 
densities of the finid, and to thé area of the surfaces: 
that these resistances are much affected by the shape 
of the front surface and a little by its size and outline, 
and in some way, though less, by the rear surface of 
the body or plate moved; that whirling tables (on ac- 
count of the centrifugal forces brought into action) 
gave resistances much greater(*) than those obtained 
by the rectilinear movement of surfaces, this increase 


(‘)See Duchemin, p. 216, Vol. 5. Mem. d’Ar‘illerie, 


1842; also Unwin. article Hydromechanics E lo- 
péedia Britannica 1880; also Laneiey, p. 63, No. 801, 


Smith. Contr. 1891. 

()For items, see Duchemin, pp. 214 and 236, Vol. V.. 
of Memorial d'Artillerie, 1842, and Abbe, p. 234, as 
above; and for full article see Philosophical Tranaac- 


tions 1798. 
(See Abbe. p. 234, as above 
T) See 


( 
) See 206, sa "e. 


Memoria! ‘d'Artillerie, Vol. V., 1842. + 
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being the greater as the surfaces were larger and the 
diameter of the whirling table smaller; that small sur- 
faces gave slightly greater resistances per unit of 
surface than similarly-shaped large surfaces; that lead 

bullets, by deformation or through other causes, at 

high velocities of 15 to 900 miles per hour, gave re- 

sults far in excess of the true resistances(*); and that 

inclined surfaces gave resistances which were consider- 

ably in excess of the product of the pressure on non- 

inclined surfaces by the sine of the angle of inclina- 

tion. 

14. The most important laws thus brought out by 
Duchemin are expressed by him in formulae which, 
after reduction to English measures, read as follows: 


For ordinary air pressures on thin stationary 
4ate v? 

plates(") p 0.00942 v? = —— (p being the pressure 
203 


in Ibs, avoirdupois per sq. ft. and v the velocity in 
miles per hour), this being the Newtonian formula ex- 
cept that K = 1.82; for pressures on circular and tri- 
angular flat thin plates practicallly the same results as 
for square plates; for air pressures on inclined flat thin 


2 sin’ a 
pilates, p = 0.00492 vy? --—-_——., for the pressure paral- 
1+sina 
2 sin a cos a 
lel to the wind, 0.00492 vy? -_-_—--, for lifting or 
1 + sin’ a 
depressing pressures perpendicular to the wind, and 


2 sina 
0.00492 vy? ————- 


- for pressures normal to the sur- 
1 + sin? a 


face("), a in each case being the angle between the 
wind and the surface (for values for each 10 degrees, 
see further on under head of Encyclopedia Britannica, 
1880, par. 38); for spherical(*) headed surfaces, 0.4, and 
eylindrical(’) headed, 0.6 of the pressure on flat 
plates of the same diameter; for conical and wedge- 
headed surfaces pointed at the wind(*), p = 0.00492 
v'sin? i, in which fi is the angle between the wind and 
the conical surface or between the wind and the sides 
of the wedge; and for stationary flat-headed but solid 
cylindrical bodies("), less pressures amounting to 80, 
72 and 71% of the pressure on thin flat plates accord- 
ing as the length of the solid bodies was 1, 2 and 3 or 
more times their front diameters. 

15. Duchemin also refers, as with importance, to the 
supposition first advanced by d’Alembert(*), in about 
17%), and afterwards developed more fully by Dubuat, 
in about 1780, that plates and solid bodies in moving 
fluids and especially under high velocities act as if 
they were partly protected in front by a false prow 
made up of compressed articles of the fluid itself. 

16. Piobert, Morin, Didier, at Metz.—In 1835-8, a 
commission of French officers, composed of Piobert, 
Morin and Didion, made at Metz a series of experi- 
ments() with whirling tables, falling bodies and fly- 
ing bullets through both alr and water, at both low 
and high velocities. 

17. Their results seemed to indicate a pressure 
slightly in excess of that due to the square of the ve- 
locity and gave a formula(’) for thin flat plates ex- 
posed to air pressures, p = 0.0073 + 0.0034 v? (p in 
Ibs. and v in miles per hour); which, however, at ve- 
locities of over 10 miles per hour returned practically 
to the old Newtonian formula except that K = 1.25. 
Amongst other results they found for wedge-headed 
projectiles(*) the pressure equal to that on flat heads 
multiplied by = in which a is the angle between the 
wedge surface and the direction of the motion; for 
parachutes(”) whose height was 0.3 of their diameter, 
a pressure in ordinary position 1.9 times and upside- 
down 0.77 times that on flat plates of the same diam- 
eter; and for spheres(@) only 0.15, for cubes 0.65, and 
for long cylinders 0.30 times the pressures on thin 
disks of the same diameters. 

18. Later experiments with projectiles, in 1840, sug- 
gested to Didion the usefulness for normal resistances 
at high velocities of a formula p = Av*® + Bv', in 
which A and B were constants. (See footnote ().) 

1%. +U, S. Ordnance Corps.—The U. 8. Ordnance 
Manual of 1861 gives() for the then standard formula 
for the resistance of air to projectiles a French formula 


1 
of p=9.0011 vw? (1+ v) for spherical projectiles, 
103 


«) See p. 270, same. 
(*) See pp. 300-2, same. 
(") See p. 213, same. 
(¢*) See p. 237, same. 
@*) See pp. 248-253, same. 
bask See p. 76, same. 
(*) See p. 336, same. This idea has been strengthened 
in the last few years by the appearance of the waves 
of compression in air in front of flying bullets, as 
shown in recent instantaneous photographs of such 
bullets, 
(*) For full details, see pp. 553-632, same; and pp. 
197-292, Vol. VII. (1852), of the Memorial d'Artillerie. 
¢’) See p. 279, Vol. VII, same. 
(*) See p. 291, same. 
(See p. 289, same. 
(™) See p. 237, same. 
(") See p. 482, same. 
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1 
which would by inference give p = 0.0022 v* (1 + “s v) 


for flat-headed projectiles, in which p is in lbs. per sq. 
ft. and v in miles per hour; this latter formula for flat 
heads being the Newtonian formula, with K — 1.00 for 
velocities of 22 miles per hour, K = 1.25 for 51 miles 
velocity, K = 1.50 for 100 miles velocity, and K = 1.80 
for 130 miles velocity. The main difference between 
this formuia and others is therefore simply that it 
gives for low velocities a less pressure than is deduced 
from the mass of experiments with low velocities, 
leaves the pressure at velocities between 100 and 130 
miles approximately those of the other most usual for- 
mulae, and gives rapidly-increasing pressures for ve- 
locities of over 130 miles. 

20. Helie.—In 1861, Helie, from experiments with 
projecti‘es, concluded that the normal resistance at 
high velocities was best expressed by a formula of the 
form of p = Av’, in which A was a constant. (See 
footnote (*).) 

21. Bashforth.—In 1865-70, Bashforth, from experi- 
ments with projectiles, concluded that the normal re- 
sistance at high velocities was best expressed by the 
formula p = Av’, up to values of v = 1,100 ft. per sec- 
ond (about 750 miles per hour); then, by p = Bv* up to 
values of v = 1,350 ft. per second (about 930 miles per 
hour); and then by p = Cv? for higher velocities, in 
which A, B and O were constants. Modern ballistics in 
England ig still (1894) based upon these formulae. (See 
footnote ().) 

22. Wenham and Browning.—In 1867-70, Wenham 
and Browning made some experiments for the London 
Aeronautical Society with plates of 1.0 to 2.0 ft. square, 
placed in a wind blast issuing from an 18-in. square 
pipe under a 0.6 to 1.0-in. water pressure.(@) Their ex- 
periments tended to confirm Duchemin’s formula for 
normal, parallel and lateral pressures on inclined thin 
plates. 

23. Wellington.—In 1878, A. M. Wellington, at or 
near Cleveland, O., made an extensive set of experi- 
ments(*) with locomotives, cars and different grades or 
slopes of railway track, in order to determine all the 
various resistances to the haulage of trains, making use 
of the drop test—that is, starting the cars from a state 
of rest on a known grade and deducing the resistances 
from the velocities acquired. The passage of the trains 
past 11 different points was noted by electricity to 
within 1-20 of a second, the experiments covering ve- 
locities from 0 to 30 miles per hour. 

24. So far as the air resistances were concerned, the 
results of these experiments were to show that for ve- 


1 
locities of 10 miles per hour, p is less than —— y? 


(less than 0.0020 y*), for the combined head resistance 
and tail suction of a train whose cross-section was 10 x 


14 = 140 sq. ft.; and p is less than 





v’, (less than 


0.00023 v*), for the combined side and end resistance 
of each succeeding car, the gaps between the ends of 
two adjacent car bodies being 6 ft., p in these formulae 
being the resistance of the air in Ibs. per sq. ft., and v 
the velocity in miles per hour—so that the formula be- 
comes that of Newton, with K = 0.74. 

25. In these experiments, he also discovered that 
fully haif the previously reported air resistance in such 
cases Was not really due to air pressure, but was due 
to the effects of oscillation and concussion between 
the various individual parts composing the entire train. 
The remarks of Mr. Wellington give rise to the infer- 
ence that similar friction, oscillation and concussion in 
whirling tables and other apparatus may be the cause 
of the high values of the constants deduced from such 
past experiments. This suggestion, moreover, is evi- 
dently in accord with conclusions of many other in- 
vestigators. 

26. London “Engineering.’’—In about 1880-81, just 
after the fail of the Tay Bridge, the matter of wind 
pressures naturally attracted the special attention of 
bridge engineers of England as well as of the United 
States, and the London “‘Engineering’’ of 1880-1 contains 
very numerous articles and discourses on this subject, 
with spec'al reference to its relation to bridges and 
other engineering structures. These articles are too nu- 
nrerous to itemize; but their most important features 
are the wide divergencies of opinion between engineers 
both as to the amount of such pressures, the allowance 
to be made for them, and the methods of calculating 
the supposably exposed surfaces of the structures. 

27. Tay Bridge Commission.—Probably the most val- 
uable part of these discussions is the recommendation 
of the Tay Bridge Commission of 1881(%) which may 
be briefly stated as follows: On solid girder bridges, an 
allowance of 56 Ibs. per sq. ft. over all the girder (and 
aiso over as much of a train as may rise above the 





(*) Unwin, En yclopedia Britannica, 1880, article By- 
dromechaniecs; a so p. 244, Abbe on Meteorological A 
pret ae ain Annual Report London Aeronautical 


493, 518, 522, and 911, Railway Location, 
An} a aWrelifigton: “a and for full article, see ‘Transactions 
‘ebruary 


1879. 
@)See Burr, Stresses i Bridge and Roof Trusses, p. 
368; and Fidler, Bridge Construction, p. 416. 
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girders); and on open or lattice girders, an allowan 

of 56 lbs. per sq. ft. over the train and over the actus 
area of iron work of so much of the windward girder 

projects above or below the train, and a'so an allow 
ance of 28, 42 or 56 Ibs. per sq. ft. over the actual are. 
of the iron work of the like projecting portions of th 
leeward girder, according ag-the open spaces of this 
leeward girder form lese than 3, from % to %, or ov: 
™%, respectively, of the total area of the outline of th. 
girder. The factor of safety against such pressure< 
should be 4 against tension and compression, and » 
against overturning. The same committee also state: 
their opinion(*) that the pressures to be expected fron 
winds of any given locality might very nearly be ex 


. 
pressed by the formula, p = ern v?, in which p is in 


Ibs. per sq. ft., and v is in miles per hour, as given b 
the usual cup velocity anemometer records of that jo 
eality. 

28. Shaler Smith and Am. Soc. Civil Engineers.—I, 
1880, Messrs. A. Welch, ©. Shaler Smith and F. (o}) 
ingwood, read papers upon the general subject of win 
pressures before the American Society of Civil Engi- 
neers(*), and Mr. Smith submitted a summary of his 
personal observations of the force and action of wind 
and tornadoes upon bridges and structures, adding a 
statement of the rules followed by him in his own 
bridge practice. These papers, with their discussion 
before the society, give the reasons for the present 
ideas and practice of American bridge engineers. The 
most important features of these papers are the many 
descriptions by eye-witnesses of the force and vio- 
lence of the wind in actually overturning houses, water- 
tanks, bridges, and even locomotives, the small width 
of the path of most violent action, the varying ideas of 
the pressure actually necessary to produce these results, 
and the practical rules submitted by Mr. Smith as to 
what he deems necessary allowances for wind pressures. 

29. The most violent records of wind force thus 
given were: ‘The blowing down .of three bridges (be- 
tween 1866 and 1880), at computed pressures of from 
18 to 27 lbs. per sq. ft.; several cases of train derail- 
ments at computed pressures of 30.5 lbs. per sq. ft.; 
the destruction of brick houses at computed pressures 
of from 58 to 84 Ibs. per sq. ft.; the overturning of a 
barrel of tar at a computed pressure of 52 lbs. per «eq. 
ft.; the overturning of a locomotive at a computed 
pressure of 93 Ibs. per sq. ft.; the lifting of a piano, 
transporting it 270 ft. and then replacing it on its feet 
without apparent injury; the bursting of houses by 
blowing outward their ends and sides; and the perfor- 
ation of a half-inch pine board (originally the side of a 
dwelling house) by wheat straw flung against it end 
first (by a Wisconsin tornado). 

30. As to the upward tendency of the wind through 
the bottom of the bridge, enough evidence was pre- 
sented to suggest the decided advisability of not mak- 
ing the flooring continuous unless so left as to be 
easily ripped up by the wind without carrying the rest 
of the bridge with it. 

31. As to the actually observed velocity and force 
of the wind, as measured by anemometers, the discus- 
sion brought out the records of the Bidston Observa- 
tory, near Liverpool, England, showing isolated cases 
of 92 miles total velocity in a single hour and 80 lbs. 
per sq. ft. maximum pressures in 1868, 82 miles vele= 
ity and 65 Ibs. pressures in 1870, 79 miles velocities 
and 90 Ibs. pressures in 1871, 81 miles velocity and 
70 Ibs. pressure in 1875, 80 miles velocity and 64 lbs. 
pressures in 1877, and 59 miles velocities and 38 ibs. 
pressures in 1879; the velocities being measured by 
Robinson cup anemometers (giving only the totals 
per hour), and the pressures being measured by Osler 
spring pressure anemometers (giving maximum, and not 
average, pressures); but it was also stated by a resi- 
dent of that place that these velocities and pressures 
must have been of limited extent and duratioa, as no 
houses nor cars nor freight trucks appeared to have 
been blown over or damaged by these same winds(*’). 

32. As regards the destruction of the Tay Bridge, 
the discussions show that the London Engineering (or 
Engineer) of 24 January, 1880, computing the exposed 
surfaces of the bridge as being that of the wind- 
ward girder, plus that of the train, plus also 0.5 that 
of the lee girder, deduced a possible pressure of the 
wind of from only 23 to 36 Ibs. and expressed the be- 
lief that the maximum pressure did not exceed 25.5 
lbs. Others, basing their computations on the non- 
destruction of the adjacent signal boxes, etc., deduced 
pressures of from 15 to 40 Ibs. The doubtfulness of 
deductions from the exposed surfaces of the bridge is 
evident, however, from the fact that such surface as 
measured by Shaler Smith, according to his American 
rules, was 2,576 sq. ft. against only 800 sq. ft. as 
measured by English engineers, or as 3.2 to 1.0; so 
that definite res definite results and accord cannot be expected 


Burr, p. 370. 
© See Bure, p p. 301-400 , , Vol. IX., October, 1890, and pp. 
to 186, Vol. X., "May, 1881, Trans. Am. Soc, Civil 


te mat on, as to 40% reductions to,be eppiied 
to t ma e pressu 
on large sarteces, abd the 25% F reauctions to te applied 
to all cup rotary anemometers. 
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inless the various computers will agree better as to 
«hat constitutes the so-called exposed surface of a 

rid re. . 

= As to the width of path of the greatest violence 

¢ tornadoes, Mr. Smith having followed up the path 
¢ several cyclones, found but one case where 60 ft. 
width was not sufficient to cover the pathway within 

hich the computed pressures exceeded 30 Ibs. per sq. 
+: and numerous instances were given by others to 
now that in their opinion even the gusts of both ordi- 
nary and severe winds were of very limited reach in 
side directions. Moreover, a cyclone, whose center ac- 
tually crossed a 320-ft. length span of railroad bridge, 
<howing maximum pressures of at least 52 Ibs. per sq. 
ft. at one point on the bridge and 84 Ibs. per sq. ft. 
elsewhere, did not destroy this span, although its wind 
bracing had been built by Mr. Smith with allowances 
of only 30 Ibs. wind pressure per sq. ft. of exposed 
surface and of 20,000 Ibs. per sq. in. strain on the 
braces, 

34. However the most important feature of these 
papers is the set of empirical rules used by Mr. Smith 
in dimensioning wind bracing on high and exposed 
bridges, which may be briefly stated as follows: 
Spans must be proportioned to stand a horizontal wind 
pressure of either 30 Ibs. per sq. ft. on both structure 
and train, or else 50 Ibs. on the structure alone, using 
whichever of these pressures is the greatest. In 
measuring the structure, both trusses are to be meas- 
ured, using 1.5 times the front surface of ties, 2 times 
that of chords, and 1.0 times that of the other parts 
of the truss; and the, train is to be considered as a 
continageus front of 0 ft, height over its full length. 
The traim pressure is moreover to be treated as a mov- 
ing or live load and the truss pressures as dead loads. 
Stresses are to have a factor of safety of 4. Piers are 
to be proportioned in the same general way as spans; 
except that they shall be given a base broad enough 
to prevent any tension strains in their columns. If 
the bridge ig on a curve, the spans and piers must be 
proportioned to stand a centrifugal force due to the 
maximum load moving at 40 miles per hour, in addi- 
tien to the wind strains. In addition to all the 
above, am allowance of 10,000 Ibs. in each muiber 
must be made to provide for the initial stress pro- 
dueed in serewing up rods during the final adjustment 
of the bracing. 

35. In support of the above views, Mr. Smith and 
others expressed opinions that 30 Ibs per sq. ft. wind 
pressure rarely, if ever, extended over more than 60 
ft. continyous horizontal length at one time and place; 
that even this wind was but rarely directed squarely 
against the side of a bridge; that in the case of at 
least one bridge he has assured himself of the whole 
bridge having received as much as 1.8 times the wind 
pressure on one truss; that as fully-loaded passenger 
and freight trains would leave the track at pressures 
ef 31 and 56 Ibs. per sq. ft., and as then the bridge 
would be destroyed by derailment, it was useless to 
protect it against heavier pressures under train load- 
ine; that with no tension in the piers under 30 Ibs. 
per sq. ft. wind pressure, the piers would safely stand 
all exeess pressure that might come upon it; and that 
even If the bridge were over-strained occasionally by 
wind pressures, such cases would be so rare and the 
fatigue of metal so slight chat the material resisting 
this strain would not be seriously injured. 

36. Unwin and Greenhill and Encyclopedia Britan- 
nica.—The new edition of Encyclopedia Britannica (in 
Vol. XII, published about 1880) contains an article on 
Hydromechanics, by Unwin and Greenhill, which may 
fairly be regarded as representing English ideas of 
that date. 

87. In this the relations of pressure and velocity are 
given by the Newtonian formula, with K = 1.3 for 
plates moving in still air or water, and with K =— 1.8 
for water or air moving against still plates. 

38. The pressure of horizontally moving air, on thin 
inclined plates is stated at either H = P (sin a) to the 
1.842 cos a power according to Hutton, or as H = P 

2 sin? a 2 sin a cosa 2 sina 
—— , and N= P x 
1 + sin? a 1+ sin? a 1+sin’a 
according to Duchemin, in which H is the horizontal 
resistant, L is the lateral resistance (or resistance to 
lifting or sinking), N = VL* + R? is the normal resist- 
ance, P is the pressure on the same plane 
when normal to the motion of the air, and a is the 
angle between the wind and the inclined surface. 
(See also Hutton, par. 9, and Duchemin, par. 14.) 
From Duchemin’s formula for H, the pressures, paral- 
lel to the wind, become: 1.00 for 90°; 0.99 for 80°; 
0.94 for 70°; 0.86 for 60°; 0.74 for 50°; 0.59 for 40°; 
0.40 for 30°; 0.21 for 20°; and 0.06 for 10°. From 
Duchemin’s formula for N, the pressures, normal to 
the inclined plate, become: 1.00 for 90°, 80° or 70°; 
9.99 for 60°; 0.97 for 50°; 0.91 for 40°; 0.80 for 30°; 
0.61 for 20°; and 0,84 for 10°. From Duchemin’s form- 
ula for L, the lateral (lifting, depressing or side mov- 
ing) pressures normal to the wind become: 0.00 for 
90° (where the plane is normal to the wind); 0.17 for 
80°; 0.34 for 70°; 0.50 for 60°; 0.63 for 50°; 0.70 for 40°; 
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0.70 for 30°; 0.58 for 20°; 0.33 for 10°; and 0.00 for 0°, 
(where the plane is parallel to the wind). For angles 
of from 90° to 50°, the Hutton and Duchemin formulae 
for H, N and L give results in accord with each other 
to within 0.02. 

39. Ferrel.—In 1885, William Ferrel, of the office of 
the Chief Signal Officer, U. S. Army, prepared an ex- 
tensive report?) on meteorology in general, based 
upon meteorological research and observations from 
all over the world during the preceding 25 years, giv- 
ing a thorough theoretical discussion of the whole sub- 
ject of atmospheric conditions and movements, to- 
gether with many practical illustrations. The echap- 
ters on cyclones and tronadoes contain much matter 
of special interest to the subject of wind pressures in 
general. Numerous bibliographical references make 
the report of much additional value to those studying 
this subject. Amongst other things, the following of 
his statements are specially interesting in connection 
with our present investigation: 

40. The normal atmospheric pressure being 14.7 
Ibs. per sq. in., or over 2,100 lbs. per sq. ft., it is 
not surprising that small differences of barometric 
pressures may cause winds of high velocities and great 
pressures. If the barometric pressure in a 
be 3 ins. below the general pressure (which has 
sometimes been the case in the past), the resulting 
wind may have a velocity of over 300 miles per hour 
and a pressure of over 240 Ibs. per sq. ft. Moreover, 
if the center of such a tornado passed suddenly over 
a building with closed windows and doors, the sudden 
expansion of the air in the building due to this 3 
ins. differences of barometric pressure might reach 
211 Ibs. per sq. ft. of surface, plenty enough to 
blow cellar doors from their fastenings, blow out win- 
dows and ordinary doors, burst out walls, blow up 
roofs, and wreck buildings generally, as is known ac- 
tually to have been done. Such an example as this is 
by no means an extreme supposition, for it is possi- 
ble for the differences of barometric pressures in tor- 
nadoes to be twice as much as this, and even more. 
In the great storm of 26th January, 1884, in Scotland, 
a reading of the barometer near Crieff showed only 
27.222 ins.(”) when reduced to sea level, and in 
this case the difference of barometric pressures be- 
tween its center and some points within the area of 
the storm must have been at least 3 ins. In the hur- 
ricane of 24th January, 1868, also in Scotland, baro- 
metric observations at Aberdeen and Culloden showed 
an actual difference of 1 in. in 138 miles, accounting 
easily for extended wind disturbances with velocities 
of from 71 to 93 miles@). These two actually-ob- 
served cases are merely cases of cyclones or severe 
but general storms extending over large areas. In 
the cases of tornadoes, which are more local, and at 
the same time more severe within their small area. 
these differences of barometric pressure, and the con- 
sequent wind velocities and wind pressures, may be 
very much greater. In 600 tornadoes observed in the 
United States (see Prof. papers No. 7, U. 8S. Signal 
Service by Finley) the width of the path of destruction, 
supposed to measure the disturbance between the areas 
of sensible winds on the north and south sides of the 
storm’s center, varied from 40 to 10,000 ft., the aver- 
age being 1,085 ft.@'). Under the most favorable 
circumstances (when over deep and narrow valleys) 
1.2 ins. of low barometer in the middle of a, tornado 
might give to the ascending current of air a velocity 
of as much as 57 miles per hour (*); but, ordinarily. 
on fairly level ground, this velocity would be much 
less by reason of the friction of the incoming air upon 
the adjoining earth surface around the tornado center. 

41. As to the relation between velocities and press- 
ures of air on varying surfaces, the discussions of pure 
theory indicate that horizontal winds should give hori- 
zontal pressures of p = 0.0027 v* against vertical plane 
surfaces normal(*) to the wind, in which p is the press- 
ure in Ibs. per sq. ft. of the exposed surface, and v is 
the velocity in miles per second, strictly according to 
the Newtonian formula, with K = 1; and that this 
pressure should be multiplied by 0.66 for horizontal 
pressures against vertical cylinders(*) by 0.50 against 
spheres(*), by sin’a for horizontal pressures against in- 
clined vertical plane surfaces, and by sin a for the nor- 
mal pressures and sin a cos a for the lateral pressures 
on such planes(*), a being the angle between the wind 
and the plane. In all these cases, p must of course(*) 
be decreased about 1.0% for each 4.5° Fahrenheit excess 
of temperature above the freezing point, and must be 
increased about 1% for each 0.36 in. excess of barom- 
eter reading above the normal 27.795 ins., with other 
slighter corrections for latitude and height of apparatus 
and dryness of air at the place and time of the experi- 


tornado 





@*) See Ferrel, pp. 1-443. Part 2, Vol. IV., Annual Re- 


rt, Secretary of War, 
Pi See Pp. 255, same. 
@)See p. . same. 
¢*) See p. same. 
See p. same. 
See p. same, 
See p. same. 
See p. game. . 


ments. However, the values obtained from the 

theoretical formulae should all be increased in 

to give results in accord with actual experiment 

increase for thin square plates@) normal to the wind 

being perhaps as much as 35%, giving p — 0.00865 v? or 

v2 

a (with perhaps other lesser variations according 

~t 

to the shape and size of the plate), and this increase 

for hollow spheres(*) of 1 sq. ft. maximum cross-section 

being perhaps as much as 10%, giving p 0.002 v? or 
vy? 

p= —— 
noo 


above 
orde! 


this 


p= 


; such increase be!ng probably due to the effects 


of air-friction and other minor causes not allowed for 
by the Newtonian formula, and to the effects of friction 
oscillation and inertia of apparatus not completely al 
lowed for by the experimenter. 

42. Attention is also called to the fact that the act 
ual velocity of wind must necessarily vary very greatly 
according to its altitudes above the ground and also 
above sea-level, according to the proximity and shape 
of the adjacent hills and valleys, and must almost in- 
variably on land be also exceedingly variable from mo- 
ment to moment; and to the fact that the values of 
wind velocities and wind pressures as deduced from 
the records of the most used anemometers may often 
be very greatly in error, the ord!nary cup anemometer 
with a coefficient of 3.0, while approximately correct for 
light winds of from 5 to 10 miles per hour, giving 
(untess specially corrected therefor) velocities from 20 
to 25% too large for winds of 25 to 30 miles recorded 
values and perhaps greater excess errors for winds of 
still higher velocities(**). 

43. Hazen.—In 1886, H. Allen Hazen made a set of 
original experiments in Washington(’), wit®\ a whirling 
bar, using plates from 4 ins. to 2 ft. square, moved in 
circles of 4, 8 and 16 ft. radius, with velocities of from 
4 to 16 miles per hour, in a closed room about 50 fr. 
square, having, however, only about 40 sq. ft. of clear 
space. The plates were hung from the ends of the bar 
by delicate threads of from 4 to 8 ft. length so as to 
swing freely back under the air pressure, the bar was 
turned by the untwisting of ropes, the revolutions of 
the bar were recorded by a chronograph, and the re- 
s.stances were computed from the observed angu ar 
swing of the plates under the air pressure, the ex- 
tent of swing being noted by an observer standing at 
the center of revolution, The experiments with 16-ft 
radius circles gave no signs of increased pressures for 
the larger plates. In addition to using the results of 
his own experiments, Mr. Hazen consulted the work 
and the resuits of Borda in 1763, Piobert, Didion, and 
Morin in 1835, Hagen in 1873, and compared his results 
with theirs with final conclusions as follows: That for 
velocities up to 7 miles per hour with smal! plates, and 
up to 4 miles per hour with large plates, p 0.004 

v2 

v? == — in which p is the pressure in lbs. per sq. ft., 
and v the velocity in miles per hour; 
Newtonian formula, with K = 1.25; that the increase 
of pressures heretofore ascribed to large plates is 
mainly due to the centrifugal forces of the whirling 
tables; that for accurate resu!ts in such matters, the 
whirling tables must be of greater radius than 16 ft., 
and that pressures for higher velocities need special fur- 
ther experiment. As the radii of the whirling tables 
used by Vince were less than 8 ins., those by Thibault 
less than 5 ft., those by Borden and Hagen less than 
8 ft., while those of Hazen were as great as 16 ft., 
Mr. Hazen’s conclusions are entitled to special consid 
eration as regards the increased length of radius of 
whirting tables necessary to secure reliable results. 

44. Abbe.—In 1887, Cleveland Abbe, of the office of 
the Chief Signal Officer, U. S. Army, prepared an exten- 
sive report(”) on meteorological apparatus and methods. 
The chapters on measures of wind velocity and on ane- 
mometers are of special value in relation to the sub- 
ject of wind velocities and pressures, as they contain 
careful descriptions of all the most used air-velocity and 
air-pressure apparatus, and equally careful digests of all 
past work, in connection with the determination of their 
possible errors and their constants. Ohapter 12 con- 
tains a theory of vanes, with descriptions of those mont 
used in determining the directions of the horizontal and 
vertical components of the wind. Chapter 14 contains 
tables of the scales of wind velocities as used by 
various foreign nations, and their comparison with that 
of the International Bulletin as now published by the 
U. S. Signal Service. Chapters 15, 16 and 17 contain a 
theory of anemometers with descriptions of the va- 
rious direct-pressure anemometers (the pendulum or 
swinging plate, the normal plate and the tubular), the 
suction anemometers (with horizontal tubes and with 
vertical tubes), and.the rotation anemometerg (windmills, 
screw propellers, and cups). Incidentally also to the 
discussion of the theory of such anemometers, these 
chapters contain a brief but careful description of the 


@*) See pp. 407-8, same, ay 
(@) See pp. 305 and 315, same. 
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various experiments of Mariotte, Woltmann, Dubuat and 
Thibault, as to the pressure of moving fluids on eta- 
tionary solids; and of Mariotte, Newton, Benzenburg 
‘with falling bodies), of Robins, Hutton, Bashforth, 
Mayevski (ballistic pendulum), of Bouguer, Borda, 
Ulloa, Buchanan, French Commission, Swedish Commis- 
sion of 1810-15, Dubuat, Piobert, Morin and Didion 
«towage through water), as to the resistance of a sta- 
tionary fluid to a solid moving rectilinearly through it; 
and of Robins, Schober, Rouse, Borda, Coulomb, Edge- 
worth, Hutton, Vince, Thibault, Beaufoy, Rennie, Prech- 

el, Dohrandt, Hagen, Rechnagel, Schellbach and Thie- 

sen, as to the resistance of a stationary fluid to a 
solid moving circularly through the fluid (water or air) 
by the use of whirling tables of some sort; and of 

torda, Dubuat, Coulomb, Bessel, Sabine, Baily and 

Stokes, as to the resistance of a stationary fluid to both 
sWing!ng ‘and revolving spherica) pendulums. From 
these descriptions and discussions the following items are 
selected as of special interest in connection with wind 
pressures and velocities, 

45. In order to obtain reliable results from the com- 
parisons of the records of various experiments, great 
accuracy is necessary as to the conditions under which 
these experiments were made and ag to the constants 
so-called of the apparatus used; but in matter of fact, 
a large proportion of the more accurately-made experi- 
wents are not recorded in such way as to be ac- 
eurately comparable with each other. The tempera- 
ture effects are often quite great, but such observations 
are not always taken, and even then are often not re- 
liable to within 1 or 2°. The measures of the wind di- 
rections are often erroneous to several degrees, and the 
wind velocities and pressures to large per cents., from 
mere absence of continuous automatic records showing 
the variations at short intervals. The constants by 
whieh the displacement records of the pendulum press- 
ure anemometers(“) are converted into Ibs. per sq. ft. 
may be eas'ly erroneous to 10% in ordinary winds, and 
more in high winds; those of the normal pressure 
plate() anemometer may occasionally be erroneous to 
as much as 10% at ordinary velocities though the im- 
proved forms of the Osler anemometer reduce this per- 
centage very greatly; those of the most used ve‘oc- 
ity(“) anemometers (the Robinson hemispherical cup an- 
smometer, usually assumed to rotate with one-third the 
velocity of the wind) may, unless each anemometer be 
carefully compared with the standard, easily be erron- 
eous to from 15% for low velocities up to 25% for high 
vhes, since the ratio between the actual velocity of the 
wind and the revolution of the anemometer varies with 
the size of the cups, the lengths of the arms, the total 
weight and inertia of the moving parts, the surfaces of 
friction, the density of the outside air, and finally the 
velocity of the wind. Heavy anemometers of the press- 
ure plate or rotary cup form, may also by the great in- 
ertla of the moving parts, show much larger instan- 
taneous pressures and much greater hourly velocities 
than actually ex'st, Moreover, it is to be remembered 
that all these pressure and velocity anemometers as 
ordinarily used show only the horizontal component 
of the wind, and not its total force. We must always 
therefore bear in mind that many allowances must be 
made for the errors of apparatus of all kinds and that 
reports of past and present work must be judged ac- 
cordingly. 

46. As to the general direction of winds on land, 
statements have been made(*) that the wind, in Burope 
at least, bas a general downward inclination of from 
10° to 20°; but it does not seem likely that this is 
anything but the effects of occasional and strong gusts, 
so that except for such gusts the direction of the 
wind may be assumed as ordinarily horizontal. 

47. As to the relation between pressures and veloci- 
ties, the evidence so far seems to be still decidedly in 
favor of the use of the Newtonian formula (with proper 
coefficients for K) in preference to all others yet sug- 
For the case of solids moving through sta- 
tionary liquids, the evidence up to 1887 seems to be in 
favor of K = 1.3, which for the pressure on thin pilates, 


when moving through stationary air, would give p = 
2 


i oom (subject to the usual modifications 
285 


gested. 


0.0085 v*, or p 


(see footnote ()) for temperature, barometric readings, 
and latitude), in which p is in Ibs. per eq. ft., and v in 
miles per hour (equivalent to p = 0.0075 v?, or p = 


»2 


— if p be In Ibs. and v in ft. per second); and this 


613 

relation is indorsed by Poncelet in France and Uuwin in 
Engiand(). For the case of liquids moving against sta- 
tionary solids (as winds against anemometers, houses 
and bridges) the evidence up to 1887 seems to show a 
value of K somewhere between 1.3 and 1.85, and nearer 
1.85 than 1.3; so that for apparent fear of under-esti- 
mation, Poncelet in France and Unwin in Bng’and in- 
dorse the use of K = 1.85, with a suggestion that more 


p. 245, same. 
p. 248, same. 
*) See p. 285, same. 
(*) See p. 195, — 
(#) See p. 229, 
(*) See pp. 224 ana “Sor, same. 


accurate experiments are still needed(*). For K = 1.85, 
the Newtonian formula, in the case of air striking nor- 
mally on stationary thin plates, would give p = 0.0050 


, and v is 


y? 

v?, or p = ——, in which p is in Ibs. per sq. ft. 
200 v? 

in miles per hour (or p = wt v is in ft. per second); 


this being also practically the same as the Rouse-Smea- 
ton formula of 1759, which is that adopted by the U. 8. 
Signal Service in its work in connection with the 
preparation of the International Bulletin of Meteorolo- 
gy(*). As to the differences between pure theory and 
actual practice, in the above cases, ft is at present im- 
possible to decide whether the differences between K = 
1.3 and K = 1.85 for moving plate and moving fluid are 
due to errors of observation or represent laws of nature, 
but it may be fair to assume for them equal weights and 
take K = 1.66 as a common factor applicable alike to 
both cases(*). The experiments of Dubuat showing by 
actual direct measures that the vacuum on the back of 
the plate, due to imperfect fluidity or imperfect con- 
tinulty in the disturbed fluid, added 0.433 units of press- 
ure to each 1.0 unit of direct pressure on the front of 
the plate(®), are in thorough keeping with the above 
assumption. For K = 1.66, the Newtonian formula, in 


case of air on thin plates, either being stationary, 
2 


v 
would give p = .0045 v?, orp = = in which p is in 


lbs. per sq. ft. and v in miles per hour. However, this 
value is not yet indorsed by Poncelet, Unwin and other 
engineering authorities. 

48. As to the determination of such relations up to 
1887 by falling bodies, by the ballistic pendulum, and by 
flying bullets, the results, while of use for purposes of 
comparison amongst themseives, are hardly accurate 
enough for use in determining the direct relation of 
pressure to velocity. 

49. As to the use of whirling machines in determin- 
ing fluid pressures on flat surfaces, it appears that the 
experiments of Borda, Robins, Vince, Coulomb, Hutton, 
FKdgeworth, Beaufoy, Rennie, and Hagen (all that are 
quoted as made prior to 1886), were made with small 
plates of only from 0.01 to 0.30 sq. ft. area, in circular 
paths of only from 0.6 to 8.0 ft. radius, with veloci- 
ties of only from 0.6 to 16 miles per hour so that their 
results must be regarded ag somewhat doubtful even 
for velocities of 16 miles per hour, and certainly quite 
doubtful for greater untested velocities(™). Moreover, 
the experiments of Scott in 1872, Robinson in about 
1873, Dohrandt in 1873-7-8, and Stelling in 1882, with 
the Robinson cup rotary anemometer, whirled on tables 
of from 9 to 10 ft. radius, with from 7 to 42 miles per 
hour velocity (in endeavoring to determine the constants 
of the Robinson rotary anemometer), showed at times 
the existence of induced circular currents of from 1 to 
2.2 miles per bour velocity in the air adjacent to the 
edge of the whirling table (from 10% to 7.5% of the 
velocity of the edge of the table, according as this latter 
velocity varied from 10 to 30 miles per hour), showed 
also the existence of decided radial currents whose 
amount and effect have not yet been thoroughly discussed 
and allowed for, and gave much other good evidence 
that the history of past experiments with small whirl- 
ing machines is not to be greatly relied upon except so 
far as it is confirmed by other more reliable testimony; 
and that reliable results are not to be obtained in this 
way in the future except by the use of much larger ma- 
chines and many further precautions against errors of 
the apparatus("). 

50. Although almost all experimenters feel certain 
that the pressure per unit on large surfaces must be 
much less than on smalier ones(*) and that the shape 
of the perimeter of the surface must also to some ex- 
tent influence the pressure on the plate, still the law 
of such variation is not yet satisfactorily determined(®). 
The formula of Hagen (1874) is regarded as the latest 
and best of its kind, but its value is diminished by the 
fact that it was deduced from the movement of plates 
of only from 0.02 to 0.30 sq. ft. area; moved at veloci- 
ties of only from 1 to 4 miles per hour, on a whirling 
table of only about 8 ft. radius, and in a small room(*). 
This formula, however, reduced to sea level at the 45th 
parallel and to the temperature of freezing) becomes 
p = 0.00306 (1 + 0.048 ©) v*, or closely p = 0.00381 


Cc 
(2 + -] v?, in which p is in tbs. per sq. ft., visin 


fe p. 207, same. 
ace p. 224’ same. 
See p. 224° same. 
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¢ 
“ See 5. those. p- "242, Vol. CXXXIV., Am. Journal-of 
Science, 1887. 
ue p. 236, Abbe; and p. 408, Ferrel. 
(®) This formula reduced to — a form would 
give K ates of K = 1,35 for 
erates of 1 ft. 8q., 4 a plates 0 ft. 8q., 5S 
10 for the side of a house of 40 K ov 
for the side of a building 200 ye aa 8 “and 50 tt. fice 
Bvidently this formula is not intend aby ity to large 
surfaces, as —— the pressures ohio ” = 
building would be able to stan ight 
breezes. 


miles per hour, and © is the circumference (or \ 
meter) of the surface in ft.(*. 

51. To any one desirous of studying in detai) 
many obscure points of fluid resistance, Prof, Abbe 
attention to the valuable work of Saint Venan:, \| 
Inst. of France, on Resistance des Fluids, pubtis); 

1888, which wag received by him too late to be us: 
his Own work. 

52. French Railways. In 1887, experiments \ 
made in France(*) with small counterweighted p!. 
suspended laterally from the side of a moving | 
The train was run at increasing velocities until th. 
sistance of the air overturned the weighted pla: 
The velocity of the train at that moment was no 
and the ratio of the two computed therefrom. | 
plates of 0.11 sq. ft. area, at velocities of 44.5 m 
per hour, the pressure was thus determined to bx 
accordance with the formula p = 0.0054 v2, which 
the Newtonian formula with K = 2.0. The meas: 
ments were of course rendered somewhat uncertain 
the nearness of the sides of the cars. Within the ‘ij, 
of their experiments, no practical effect was obtuaj 
from varying the size of the plates. 

53. Baker, and Forth Bridge Investigation.—Betwe. 
1884 and 1890, during the construction of the Fy 
Bridge, experiments were made(*) to determine 
probable vressure liable to come upon this bridge, «< 
well as the relations between the pressures on lar: 
surfaces and the records of the ordinary small pl. 
anemometers. For th's purpose a large fixed boa 
gage (or anemometer) 15 x 20 ft., having 300 sq. 1 
area, was erected on top of the old castle on the Isla 
of Inchgarvie, near the middle of the bridge, was . 
placed as to be parallel to the length of the bridge ani 
was further provided with a small disk gage at its cei 
ter and another small disk gage at one of its up. 
corners. About 8 ft. on one side of the large gage wus 
also placed another small fixed gage of about 1.5 sq. { 
area, and also a second disk gage of the same size, |): 
differing from the others in that it was free to turn ani 
by means of a vane was kept pointed at the wind. A 
these vanes were read at about 9 a. m. each day f 
six years. In the interval from the 11th of Decem!) 
1883, to the 25th of January, 1890, the heaviest galv. 
were 14 in number; the records of the first two being 
rejected because of imperfect arrangement of the a) 
paratus. Of the remaining 12, only 4, those of the 20:!) 
of March, 1885, 4th of December, 1885, 17th of No 
vember, 1888, and 21st of January, 1890, came square 
against the fixed gages. The records for these days r- 
spectively show pressures of 30, 25, 35, and 36 }hs 
per sq. ft. on the small revolving plate gage; of 25, 27 
41 and 38 on the small fixed gage; but of only 17, 1) 
27 and 15 on the large fixed gage; that is, the larg 
gage showed pressures of 31, 29, 34 and 60% less 
than on the small fixed gage, and also 43, 24, 23 and 5s 
less than on the revolving plate gage. The other e.g)! 
of the severe gales came from directions making about 
45°, with the normal to the fixed plates, so that the 
normal pressures on the fixed plates were probably on\y 
about 90% of the actual wind pressures, and shou!d a 
cordingly be increased by about one-ninth or 11.1% in 
order to give the actually supposed force of the wind 
itself in the direction of its motion. The actual gaze 
records of those eight storms were as follows: On the 
27th and 28th of October, 1884, 31st of March, 1886, 41h 
of February, 1887, 5th of January, 1888, 2d of Novem- 
ber, 1889, 19th and 25th of January, 1890, the pressures 
were 29, 26, 26, 26, 27, 27, 27, 27 Ibs. per sq. ft. on the 
small revolving plate gage; 23, 29, 31, 41, 16, 34, 28, 24 
on the small fixed gage, and only 18, 19, 19, 15, 7, 12. 
16, 18 on the large fixed gage; but adding one-ninth (1 
above stated necessary to correct for the inclination of 
the wind) the Wind pressures become 25.5, 32.2, 34.4. 
45.5, 17.8, 37.7, 31.1, 26.7 as deduced from the smi! 
fixed gage, and 20.0, 21.1, 21.1, 16.7, 7.8, 13.3, 17.8, 20.0 
as deduced from the large fixed gage; that is to say, tle 
pressures on the large gage, if normal, would have been 
21, 34, 38, 63, 56, 65, 43, 25% less than on the small 
fixed gage, if also normal, and also 31, 19, 19, 35, 71, 4°. 
34, 25% less than on the small revolving plate gage. 
On all 12 observations together, the large plate thus 
gave an average of 41% less readings than the sma!! 
plate gage, and an average of 36% less than the revolv- 
ing plate gage. On two days, the 3ist of March, 188+. 
and 235th of January, 1890, the large gage was compared 
further with the two small gages at its own center and 
upper corner, giving readings of 19 and 18 Ibs. per 
sq. ft. on the large plate, 28.5 and 23.5 on the center 
gage, and 22 and 22 on its corner; showing on the large 
plate average pressures of 26% less than at its own 
center, and 13% less than at its own upper corner. 
Moreover, as w.ll be seen, during all these six years, 
the maximum pressure on the large plate was only 27 
‘Ybs. per sq. ft. (against 35 on the small revolving plate 
and 41 on the small fixed plate). 

54. In addition to these comparisons on a large scale. 
Mr. Baker also made small comparative tests with a 
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«nd blast against small models of open-work trusses 

1 of lattices, and satisfied h'mself that an allowance 
* 1.8 of the exposed actual surface of the iron work 
¢ the front girder was sufficient to cover the total wind 

ssures on this and another similar girder in its rear. 
=5. As this bridge was proportioned to stand 56 lbs. 

- sq. ft. of actual surface on each girder, the results 
» the above described six years’ subsequent wind 
easurements seem to show an unnecessarily large 
irgin of safety. 

54. On the strength of the above records, Mr. Burr, 
¢ Columbia Ootlege, New York, feels justified() in say- 

« that a 50 tbs. per sq. ft. pressure over the entire 

zth of a 500-ft. long bridge span will probably be as 
wre as a eyclone. 

57. Bidston Observatory Records.—From 1884 to 1888 
e records of the Bidston Observatory, near Liverpool, 

England, show 10 severe storms, whose pressures were 

neasured by a plate pressure anemometer of 2 sq. ft. 

irea, and velocities by the ordinary cup rotary ane- 

mometer(®). These storms and their records arranged 

in order of their severity are as follows: On the 23d of 

January, 1884; 20th of May, 1887; 26th of January, 20th 

of November and 3d of May, 1888; 30th of March, 1886; 

24th of October, 1884; 9th of December, 1886; 3d of Feb- 
ruary and ist of November, 1887, the pressure plate 

:nemometers registered respectively, 70.2, 65.2, 49.2, 

19,0, 44.4, 41.9, 40.6, 40.4, 40.1, and 40.0 lbs. per sq. ft., 

while the cup velocity anemometer registered 78, 78, 74, 

71, 66, 62, 64, 69, 66 and 57 miles per hour. Ac- 
‘ording to the Newtonian formula of p = K 0.0027 v’, 
the values of K deduced from these records are respec- 
tively 4.3, 4.0, 3.4, 3.6, 3.8, 4.1, 3.7, 3.2, 3.4, and 4.6; 
giving an average of K = 3.8, or p = 0.01 v? for the 
ratio of the registered pressures and velocities. But as- 
suming that the small plate pressure records were 40% 
in excess of the pressures against large surfaces (ac- 
cording to the Forth Bridge tests as above given), and 
assuming that the cup velocity anemometer records were 
the actual velocities of the wind (having already been 
reduced according to recent investigation), the actual 
pressures of the wind would reduce to about 42, 39, 30, 
30, 27, 25, 24, 24, 24, and 24 lbs. per sq. ft.; the actual ve- 
locitiesof the wind would remain 78, 78, 74, 71, 66, 62, 64, 
69, 66 and 57 miles per hour; and the resulting values 
of K would reduce to 2.6, 2.4, 2.0, 2.2, 2.3, 2.4, 2.2, 1.9, 
2.0, and 2.7, averaging K = 2.3 and p = 0.0061 v’, or p = 
y? 

-—— for the actual pressure on large surfaces in terms 
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of the velocities taken from recent records of the usual 
cup rotary anemometers. As these values of p and 
K are from 2.4 to 1.4 times as great as those deduced 
from experiments in which the pressures are far more 
accurately measured and the velocities are very uni- 
form and measured with exceeding accuracy, it is evi- 
dent that there is yet much to be investigated either 
as to actual wind velocities and pressures or the ac- 
curacy of the recording apparatus in ordinary use. 

58. It is quite possible that the large plate pressure 
records will in turn have to be reduced 40% more to 
allow for the effects of inertia under the action of se- 
vere gusts. Two successive 40% reductions (64% in all) 
of the small plate pressure records (making the average 
steady pressure on a large surface only 36% of that of 
the maximum unreduced small plate pressure records), 
combined with a 10% reduction of carefully rated ve- 
locity records (making the average steady velocity only 
90% of the maximum records of rotary cup anemom- 
eters whose coefficient is 2.3, or which are otherwise 
carefully rated) seemg at present the least unreasonable 
method of reconciling the present apparent differences 
between the results of experiment with meteorological 
apparatus and those with other more perfected ap- 
paratus. (For the records of the Bidston Observatory 
from 1868 to 1879, see paragraph 31 under head of 
Am. Soc. Civil Engineers, papers of 1880.) 

59. -Fidler.—In 1887, T. C. Fidler, in his book on 
Bridge Construction("), devotes one chapter to the 
subject of wind pressure(”) with special reference to 
its bearing on bridge construction. This chapter is 
perhaps the best single short, concise, comprehensive 
and practical review of the whole subject yet in print. 
From it are taken the following points, not as well 
breught out elsewhere above. 

60. In bridges of large span the wind stresses become 
of great importance since they may be as great as 
those produced by the entire dead and live load. In the 
Forth Bridge, where the allowance for wind stress was 
56 Ibs. per sq. ft. over the exposed surfaces of both 
girders, the maximum stresses due to wind pressure 
alone were estimated by the engineer as 2.9 times that 
ee load and 1.8 times that due to the dead 
oad. 

61. In a bridge whose sides are solid girders, the 
horizontal wind pressure on the whole bridge will de- 
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pend greatly on the connection of those girders. If the 
side girders are connected top and bottom by solid 
ceilings and floors so as to make the combination act 
like a cylindrical solid instead of like two thin plates, 
then the total pressure on the bridge will be less than 
on one single solid thin girder standing alone; if con- 
nected by only a solid floor without roof, then it is pos- 
sible that the shelter of the floor may equalize its skin- 
friction with results that the total pressure on the 
bridge will be only as much as on one solid girder alone; 
if connected by an open platform, then the total press- 
ure on the bridge will be something between 1.0 and 2.0 
times that of a single solid girder standing alone. 

62. The wind pressure on the side of a railway car 
is only about 0.8 that on a similar thin surface if 
standing alone, and that of a house or monument 
touching the ground is probably still less; so that in 
computing wind pressures from the overturning of cars 
of monuments, we must ordinarily increase the com- 
puted pressure by at least 25% in order to get the press- 
ure which would have been exerted on a thin pressure 
gage surface of the same area. In the same way, it is 
found that the pressure calculated from the breaking of 
ordinary window panes in the side of a closed house 
must be increased by 50% in order to get the corre- 
sponding pressure on a thin plate alone or on the or- 
dinary wind pressure gage. 

63. When the wind blows upon a grating or lattice 
girder, the pressure on the grating or girder is some- 
where between that of the entire area enclosed by its 
perimeter and that of the actual front surface of the 
bars or plates that compose it; and the pressure on a 
second girder in rear of the first would usually be less 
than that on the first. Gaudard is quoted as expressing 
these pressures by the formulae 

. 
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in which P is the total pressure on the front girder, 
P; is the total pressure on the rear girder, P + P: is the 
total pressure on both girders, p is the wind pressure 
per unit of surface, S is the total area inside the per!- 
meter of the girder, s is the total combined areas of the 
openings in the girder, and k is a constant of contrac- 
tion, assumed by Gaudard to vary between k = 0.65 
for small orifices and k = 1.0 for large openings. 
Fidler, however, suggests the need of practical tests 
of this formula, stating that while some such formula 
may be true for special girders, it is very probable that 
the amount of shelter varies somewhat with the shape 
and arrangement of the lattice bars, and very certain 
that it varies very greatly with the distance between 
the girders. 

64. In girders of wide open pane's and comparatively 
narrow bars, any particular bar on the front of the 
windward girder will shelter almost completely another 
similar bar close to it (as when bars are close in pairs), 
will also stightly shelter it at from 1 to 2 diameters 
distance, but will not shelter it at all appreciably at 
6 to 10 diameters distance. Mr. Baker, of the Forth 
Bridge, found that if two similar disks were placed ex- 
actly in rear of each other, but at distances apart of 
1.0, 2.0, 3.0 and 4.0 diameters, the total pressure on the 
combination amounted respectively to 1.0, 1.4, 1.6 and 
1.8 times the pressure on the front disk alone; and that 
this total pressure was but little if any increased by 
the insertion of intermediate disks. Experiments by 
Thibault, however, show as much as 1.7 pressures at 
single diameter distances, so that further experiment is 
needed in this direction. 

65. Allowances should be made for the dynamic ef- 
fect of sudden gusts, especially in high winds, as a gust 
which lasts as long as the time of oscillation which is 
thereby given to the bridge may produce the same 
stress in the bridge ar that directly deducible from the 
extreme pressure given at the same time by a pressure 
gage anemometer. This stress may, moreover, be 
much further increased should the interval between 
gusts happen to be in rhythm with the time of oscilla- 
tion of the bridge. In consulting the records of wind 
anemometers, this dynamic effect must be borne in 
mind, ag the records may show 1 to 2 (or even more) 
times the actual pressures and velocities, according as 
the wind is steady or very gusty. The general results 
of practice so far tend to show that in a squally wind 
the dynamometer or pressure plate gage may record from 
40 to 75 lbs. per sq. ft., while the actual pressure upon 
a thin plate might only be about 37 Ibs., that against 
overturned carriages be only 30 lbs., and that against 
broken windows only about 25 ibs. 

66. In most bridges, the wind pressures are provided 
against by horizontal wind-girders, lying in the plane 
of the bridge floor, assisted in some cases by another 
similar wind-girder overhead. In most cases, these 
wind-girders are of uniform width, equal to that of the 
bridge, and are therefore calculated like any other 
truss or girder with parallel chords and lattice or 
open-work posts and diagonals. In special cases the 
wind-girders may be constructed as entirely indepen- 
dent girders, so as to have no work or duty except the 
resistance of the wind pressures; but whenever, as in 


most cases, they are combined with the other parts of 
the bridge, any piece so subjected to both kinds of 
stress must be proportioned so the maxi 
mum stress that may result from the most unfavorable 
combinations of wind, dead load of bridge, and live 
load of moving vehicles. 

As it is hardly possible for the wind pressure 
to be always uniform over the entire length of bridge. 
nor to be blowing with full force on one-half and with 
no force at all on the other half, it is advisable, 
pecially on long bridges, to consider one-half the wind- 
pressure on the girders as a dead load uniform over 
the whole bridge, and the other half of such pressure 
on the girders, as well as all the pressure 
ing train, as a rolling load, 

68. As cars are liable to be blown over with press- 
ures of from 26 to 34 Ibs. per sq. ft. pressure, no train 
is therefore likely to enter a bridge under such wind 
still, as one may be caught upon it (as in 
Tay Bridge), it is advisable to consider such 


as to resist 
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69. The Board of Trade Commission (shortly after 
the Tay Bridge dsaster) recommended an allowance of 
56 Ibs. per sq. ft. on once to twice the actual front sur- 
face of the material in one girder, with a factor of 
safety of 2 against overturning and 4 agaiust rupture, 
and the Forth Bridge was built in accordance there- 
with, 

70. However, although up to about 1880, the general 
best practice of English engineers was to provide 
against wind pressures of from 30 to 40 ibs. per sq, 
ft., and of American engineers to provide against from 
30 to 50 Ibs., yet the actual cross sections of the wind 
bracing of many American bridges show that, even if 
these pressures were allowed on but one girder alone, 
the resulting stress would be very high and sometimes 
approach, if it did not exceed, the elastic limit of the 
materials of the bridge; while in many English bridges, 
there has sometimes been no wind bracing at all, and it 
has at other times been totally insufficient to stand any- 
thing like pressures of 30 to 40 lbs.; yet these bridges 
(and many other structures, such as houses, etc., of 
far less resistance) have stood for a great many years 
and have proved conclusively that no such actual 
pressures as 30 to 50 Ibs. per sq. ft. have been experl- 
enced in the localities where they have been situated. 

71. In conclusion, attention is called to the fact that 
even after all has been said as to wind pressures, it 
is really impossible at the present day by any general 
rule to estimate the wind stresses on a 
bridge to within from 50% below to 100% above their 
real value. In such cases, the responsible engineer 
will generally be disposed to err on the safe side. But 
as this margin of error may make tens or hundreds of 
thousands of dollars difference in the cost of the bridge 
and as on the one hand extra material, not actually 
needed, can only serve to unnecessarily burden and 
therefore weaken the bridge, and on the other hand, 
a lack of sufficient material will give far more disas- 
trous results, it is to-day more than ever specially de- 
sirable that further practical experiments and observa- 
tions should be made to get facts by which to reduce 
this present large margin. 

72. Dines.—In 1888-9, W. H. Dines, at Hersham, 
England, made some experiments(™) upon the restst- 
ance of plates to moving air, from which he deduced 
the formula p = 0.0035 v*, in which p is In Ibs. per sq. 
ft. and v is in miles per hour, this being the Newtonian 
formula with K = 1.25. 

73. Eiffel Tower Records.—In 1889, at the Eiffel 
Tower in Paris, measurements were made during sev- 
eral months(™) upon the relation between the velocities 
of wind at the top and bottom of the tower at stations 
995 ft. apart vertically, the lower station being taken 
69 ft. above the ground so as to be clear of the adja- 
cent buildings. In the design of this tower, the wind 
pressure was allowed for by assuming a pressure of 
61.4 Ibs. per sq. ft. over the entire height, or 41.0 ibs. 
at the base, increasing to 82.0 lbs. at the top, according 
to which gave the highest resulting total pressure at 
each joint. 

74. The observations of 1889 covered 12 days in 
June, 28 in July, 31 m August and 30 in September, 
101 days in all; during which time the wind averaged 
4.9 miles per hour at the bottom and 15.7 miles at the 
top, while the top velocities exceeded 17 miles for 
39% of the whole time, and over 22 miles for 21% of 
the time. The ratio between the top and bottom ve- 
locities did not remain constant, as the. velocities at 
each place varied, but was 5.0 for bottom velocities of 
about 3 mies, 4.0 for bottom velocities of about 4 
miles, 3.0 for bottom velocities of about 5 miles, and 
2.0 for bottom velocities of about 7 miles. 

7%. Marvin.—In 1890, some experiments were made 
oa top of Mt. Washington, N. H., by C. F. Marvin, 
with surfaces of 4 sq. ft. and 9 sq. ft. area(™), from 
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which he deduced the formula p = 0.004 v*, in which 
p is in Ibs. per sq. ft. and v is in miles per hour. The 
unit pressures were found practically the same for 
both large and small surfaces. 


76. Crosby & Dashiell.—In 1890, O. T. Crosby, late 
Lieutenant, Engineer Corps, U. 8. Army, and B. F. 
Dashiell, made a series of experiments(™®) with plates 
of from 1.0 to 2.0 sq. ft. cross section moved with ve- 
locities of from 10 to 130 miles per hour (those of 30 
miles being numerous) in circles of 5.5 ft. radius in a 
room about 40 ft. long, 13 to 19 ft. wide and 12 ft. 
high. The apparatus was belted to and driven by a 
00-LIP. steam engine, whose speed could be regu- 
lated to less than half a revolution. The velocity of the 
plates was computed in most cases from actual count 
(electrically or otherwise) of the revolutions of the 
whirling table. The plates revolved at distances of only 
from 2.5 to 5.0 ins. above the platform of the whirling 
table, but at much greater distances from the sides 
of the room. The pressures were measured by the 
compression of springs in rear of the plates and con- 
tinuous automatic records of the same. Great care 
was taken in first measuring the resistance of the ap- 
itself, this resistance being afterwards de- 
that shown by the plates and appa- 
ratus together, in order to obtain the net resistance 
of the plates alone. The marked radial and rotary 
motion of the air in the room due to the rotation of the 
apparatus, though not carefully measured, was allowed 
for by adding 10% to the recorded pressures. On ac- 
count of the apparent large errors from friction and 
inertia at low velocities, no accuracy is claimed for 
velocities of less than 30 miles per hour, The result of 
these experiments indicated that at high velocities, the 
resistance to normal pressure of air was much less 
than called for by the Newtonian formula and that at 
velocities from 30 to 130 miles per hour and for short 
solid bodies with flat heads of 1.0 to 2.0 ft. sq. cross- 
the relation of pressure to velocity is ex- 


pacatus 
ducted from 


section, 


v 
pressed by the formula p = 0.144 v or p “7 in which 


p is in Ibs. per sq. ft. and v is in miles per hour. 
These resistances were found to be about 28% less in 
the case of the addition of a wedge-shaped head 
whose height was equal to its base, about 30% for a 
pyramidal head whose height was twice its base, 
about 45% for a wedge head whose height was twice 
its base, and about 50% for a parabolic wedge whose 
height was equal to its base. 

77. These results, especially that the pressure varies 
with the first power of high velocities, being of 80 
surprising a nature, were checked by further experi- 
ments with a small flat-headed car of 5.1 sq. ft. cross- 
section, driven by an electric motor around a track of 
about 2 miles circumference at a speed of about 50 
miles per hour; the pressures being measured in much 
way as before by the use of compressed 
springs and automatic records. The total registered 
pressure on the entire 5.1 sq. ft. front surface was 
less than 40 Ibs., that is, less than 8 Ibs. per sq. ft. 

78. In connection with his report on these experl- 
ments, Lieut. Crosby also reviews the work of his 
predecessors in this line of research. His review, in- 
teresting in itself, shows that his own experiments 
were entered into by him understandingly, and his re- 
sults are, therefore, entitled to all the more considera- 
tion. Attention is called to the almost unanimous 
opinion of all investigators up to date, that the prac- 
tical law of pressure velocity variation between any 
two definite limits of speed must be deduced from ac- 
tual and carefully made experiments between these 
same limits, and that the relations deduced from ex- 
periments with the lower velocities cannot safely be rig- 
orously applied to higher velocities. As to the effect of 
the size of plate upon the pressure per unit of surface, 
Crosby infers the trend of authority towards an in- 
crease of this pressure as the surface Increases in the 
case of moving plates; and perhaps the reverse in the 
case of stationary plates. As to the pressure on in- 
clined plates, be tabulates the results of a dozen 
formulae obtained by other investigators, and gives 
as the result ‘ his own experiments a value of 

sin a + sin? 


° 
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the same 


: tor the horizontal pressure per sq. ft. 


1+sina 


of plate, and p = — for the horizontal pressure 


per sq. ft. of the vertical base of the plate; both 
formulae being for plates moved horizontally, a being 
the angle between the surface of the plate and the 
direction of the motion. He calls attention further to 
the fact that as his moving plate was quite close to 
the stationary platform of his apparatus, his recorded 
resistances may have been inereased (but at any rate 
not diminished) thereby. 

79. In view of the radical differences between his 
normal pressure results and those of prior investi- 
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gators, and in view of the evident errors of formulae 
for low velocities when applied to high ones, he urges 
the importance of further careful and extended ex- 
periments with velocities as high as (or higher than) 
those used by him. 

80. Langley.—In 1888 and 1890, S. P. Langley, of the 
Smithsonian Institution, made a set of very interest- 
ing experiments at the Allegheny (Pa.) Observatory() 
with plates of from 0.25 to 1.00 sq. ft. area, with 
lengths of from 0.15 to 6.2 times their breadth, moved 
at velocities of from 10 to 70 miles per hour in cir- 
cles of 30 ft. radius in the open air, and at distances 
of at least 8 ft. above the ground, the whirling table 
being driven by a 10-HP. steam engine under 90 lbs. 
of steam, steadied by a fiywheel making about 120 
revolutions per minute; the velocities of the plates be- 
ing measured by an electric chronograph recording 
every quarter revolution of the whirling table, and the 
pressures being recorded automatically by the com- 
pression of carefully calibrated springs connected to 
the plate-holder. Friction wheels were introduced 
wherever it was desirable to allow motion, so as to 
reduce the friction as much as possible, and many 
other methods were adopted to minimize the amount 
of unnecessary instrumental friction and oscillation. 
With respect to the pressures on thin plates, moved 
through air, those experiments give results as follows: 
For plates held normally to their line of motion(®), and 
at temperatures of 50° Fahrenheit and baremetric 

2 
pressures of 736 mm., p = .0036 v* or p = ss) in which 


p is in lbs. per sq. ft., and v is in miles per hour. If 
reduced to freezing temperatures and the normal of 


760 mm. (as in previously described formulae) this be- 
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v 
comes p = .0039 v?, or p = a being the Newtonian 


formula in which K = 1,44, This result is deduced 
from the records of 68 different observations(™), whose 
velocities were well scattered between 10 and 70 miles 
per hour, and whose deduced pressures rarely differ by 
as much as 10% from that of the average as given by 
the above formula. As to the effect of varying size 
of plates, the 6-in. sq. plates gave results slightly more 
than the 8-in. sq. plates, but slightly less than the 
12-in. sq. plates; so that the result was not indi- 
cative of any special law governing such variation. As 
to the pressure on the inclined thin moving plates, it 
was clearly shown that the resultant pressure on the 
inclined plate is normal to the inclined surface("), and 
hence that the effects of skin friction, viscosity, and 
the like are practically negligible in such experiments; 
that this normal pressure upon the inclined surface is 
much greater (even 20 times in the case of angles as 
small as 5°) than that deducible from Newton's origi- 
nal discussion, and agrees(") very closely (within 0.02) 


2 sin a 
with that of Duchemin’s formula of —————, in 
1+sin* a 


which a is the angle between the plate and the line 
of motion; that the center of this resultant and nor- 
mal pressure is not exerted at the center of the in- 
clined plate, but always a little forward of the same, 
towards the advanced edge of the plate(™), so that the 
forward half of the plate always carried more than 
half this total pressure, the amount of these variations 
depending on the angle of inclination of the plate (as 
also shown by Joessel in 1870 and Kummer in 1875-76); 
that this pressure, being a fluid pressure and increas- 
ing rapidly with the velocity, has, in the case of hori- 
zontal winds at high velocities under small angles of 
inclination, a lifting power far greater(*) than it is 
ordinarily given credit for; and also that inclined rec- 
tangular planes whose surfacesareinclined from 0° to30° 
to the line of motion("), may experience much greater or 
much less pressures than square plates, according re- 
spectively as their longer or shorter side is in advance, 
while those whose surfaces are inclined from 30° to 
90° may experience exactly the reverse effects, thus 
showing that not only the shape, but the orientation 
of the inclined surfaces is of great importance in de- 
termining the resistance offered by them to their own 
motion, or to that of the fluid in which they are 
moved. The results of these experiments, both on ac- 
count of the great radius (30 ft.) of the whirling table, 
the great care taken to eliminate the difficulties and 
errors of prior experimenters, and the high velocities 
actually obtained, must necessarily be given great 
weight in comparison with those of other like prior ex- 
periments, and seem to be sufficient proof of the 
theory that air pressures on moving plates under ve- 
locities up to about 70 miles per hour are (to within 
at least least 10%) proportional to the square of velocity, 
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leaving the question of the discordant results ob 
from ordinary wind pressure and velocity gages 
the question of the pressure of moving air upon 
tionary plates to be further investigated, if nece. 
by methods in which the motion shall be that 0; 
air and not that of the plate. 

18. Mauritius Cyclone.—On the 29th of April, 1- 
a cyclone, crossing the Champ de Mars, Port L 
Mauritius, struck an obelisk of 50 ft. height and > 
sq. cross section (called the Tombeau Malartic), ; 
ing off and throwing down its upper half(™). The , 
tion thus thrown down was 26 ft. high and 5 fr. : 
square at its surface of rupture, and was bui! 
hard blue basalt facing, backed with rubble be ld: 
mortar. The appearance of the fracture indicated ; 
the upper portion did not slide off from the lower. 
was lifted clear from it. Calculations from the 
posed surface and weight of the fallen portion shu . 
that the mere overturning of the upper half of 
obelisk would require a force of 142 lbs. per sy. ft. 
its exposed surface. The director of the observa; 
at that place reported the maximum velocities of 
records as 112 miles per hour for the greatest how 
record and 123 miles per hour for the greatest velo: 
for a few seconds. If the velocity be taken at 
miles per hour, and the pressure at 142 Ibs. per sq. { 

2 


the ratio of the two would be expressed by p = a 
88 


82. Langley (as to gusts).—In 1887 and 1893, Ss. I 
Langley, of the Smithsonian Institution, made a seri: 
of experiments("), first at the Allegheny (Pa.) Obser\ 
tory, and then at the Smithsonian Institution, Was) 
ington, D. C., to determine the internal irregularitio- 
and variations of ordinary winds. At Allegheny, |, 
used an ordinary rotary Robinson cup anemomete 
with metal cups of about 3 ins. diameter, moving j 
circles of 6.75 ins. radius, recording every 25th revo 
tion, placed on a mast so as to be 53 ft. above the to 
of the hill and 453 ft. above the adjacent Ohio Riv: 
valley. The observations at Washington were mai 
with three different sized anemometers, the first bein. 
about the same as that used at Allegheny, but recor: 
ing every fifth revolution; the second being made wi! 
paper cups, of only 0.3, the weight of the first one, ani 
recording every revolution, and the third being maid: 
of half size and with paper cones, weighing only 0.12 
of the first, and recording every half revolution; thes: 
anemometers being mounted 153 ft. above the ground 
(11 ft. above the tower parapet). The third anemom: 
ter, whose moment of inertia was thus less than 0.1)! 
of that of the first one, would start and stop almost 
instantaneously with the wind. These anemometers 
showed that even in ordinary winds (and more so i): 
high winds) the air moves in a tumultuous mass, thie 
velocity at a single fixed point sometimes jumpin: 
almost instantaneously from one extreme to the other. 
The general characteristics of these variations is we 
shown by the record of the 6 minutes from 10 to 1 
minutes past noon on the 4th of February, 1893, at 
Washington, when an ordinary high wind of from 20 
to 27 miles an hour was blowing. The record of the 
ordinary anemometer showed a velocity of about 25 
miles per hour at the beginning of this interval, drop 
ping to about 20 miles at the end of the first mile. 
rising to about 27 miles at the end of the second mile 
and continuing at this rate for some time afterwaris. 
‘The record of the light anemometer, registering each 
revolution, shows, however, starting at 23 miles, a rise 
to 33 miles in 10 seconds, then a fall to 23 miles in 10 
seconds, then up to 36 miles in 30 seconds, and so on. 
passing through 18 notable maxima and as many min 
ima in these six minutes, the average time of eaci 
rise or each fall being a little over 10 seconds, ani! 
the average change in velocity being about 10 miles 
an hour. The most rapid change in this interval wax 
a drop from 24 miles down to nothing and a rise back 
to 22 miles, all in less than 15 seconds. In like man 
ner, the observations of the 16th of July, 1887, with 
average velocity of 18 miles, showed a rise and fal! 
of 33% each way from the mean, occurring within two 
minutes of each other; those of the 14th of January. 
1893, with 13 miles average velocity, 40% oscillation 
within 0.5 minute; those of 20th of February, 189%. 


‘with 27 miles average velocity, 75% in 0.3 minute 


and holding a 60% increase for nearly a whole minute; 
while during all these observations the average oscill:- 
tion was about 20% up or down, and occurred once or 
twice a minute. Under such circumstances, because 
of their weight and great inertia, the ordinary rotary 
anemometers, while failing to show the maximum ve- 
locities, would record average velocities considerably 
in excess of the truth; while the orffinary plate ane- 
mometers would record instantameoms pressures far in 
excess of the truth. 

83. Kernot.—In 1893, Mr. Kernot, of the Melbourne 
University, Australia, made a series of experiments(”) 
LE Eee 
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+n a steady jet of air of 12 by 10 ins. cross section, 
«ted upon small models. The blast was furnished 
. serew propeller of 28 ins. diameter and 48 ins. 
». driven by a gas engine, at speeds of from: 400 
,, 800 revolutions per minute. The helical currents of 
from this propeller were collected by means of a 
jial diaphragm and a conical mouthpiece, having its 
s tangential to the helical direction of the air, so 
to secure a steady jet. In front of this jet was 
.-ed the object to be tested, supported on a very 
cately arranged carriage running on an accurately 
elled surface plate; the force exerted being meas- 
ed by a delicate spring balance, the accuracy of 
ich had been verified by means of standard weights. 
\ large number of experiments were made with this 
yparatus. From the small size of the models, and 
ue necessary delicate arrangement of the apparatus, 
esults could not be expected sufficiently accurate to 
used in the revision of the general pressure and 
locity formulae; but very interesting comparisons 
juld be made. Comparing various surfaces, exposing 
, the blast equal areas and assuming the pressure to 
. 1.00 on a sq. unit of thin plate, normal to the 
ist. it was found that the pressure was 0.90 on the 
side of @ cube normal to the blast, 0.90 also on the 
cube turned edgewise, 0.80 on the side of a square 
pyramid whose axis was normal to the blast, 0.96 on 
ihe same pyramid turned edgewise, 0.60 on octagonal 
prisms, 0.50 on cylinders and cones, 0.36 on spheres, 
0.36 one way and 1.15 the other on spherical cups, and 
80 on lattice work whose openings were 55% of the 
whole exposed area. The pressure on cylinders and 
spheres could be increased 20% by bringing near them 
a plain surface parallel to the wind, the lateral escape 
of the wind around the cylinder being thereby cut off. 
In the case of a hollow building turned with open 
side toward the wind, the pressure to lift the roof 
and force out the sides was equal to the pressures on 
the exposed end. The variations of pressure caused 
by the proximity of other surfaces was very marked; 
each surface appeared to affect the pressure on other 
surfaces to a distance in front equal to once, and in 
rear equal to several times, its own breadth. The 
pressure on a 6-in. disk was reduced 66% by the pres- 
ence of a 9-in. disk placed 2 ins. in its rear; and this 
reduction of pressure diminished as the 9-in. plate 
» was moved back, disappearing only when the rear 
disk was about 9 ins. (its own diameter) in rear of 
the 6-in. disk. The pressure on a 7-in. disk was dimin- 
ished 120% (@ e., it was urged forward against the 
direction of the wind with 20% pressure) by the inter- 
position of a 9-in. disk placed 4 ins. to its front. A 
parapet of 0.16 of the height of a roof reduced the 
pressure on the roof by 33%. A wall connecting the 
edge of the roof with the ground in its front reduced 
the pressure on the roof to very much less than it 
was when the wind could blow freely under the roof. 
Mr. Kernot concludes his paper by a recommendation 
that 20 Ibs. per sq. ft. be regarded as sufficient allow- 
ance for wind pressures in positions of full exposure 
in Australia whenever the exposed surface measures 
over 300 sq. ft., and that 30 Ibs. be allowed only upon 
smaller surfaces of exposure; and recommends further 
that the factors of safety be taken as 2 against over 
turning and 3 against rupture. 


RECENT PRACTICHE. 

84. Foreign Practice.—The practice of to-day in 
England is presumably in accord with the recom- 
mendation given under the heads of the Tay Bridge 
commission and London Engineering articles (1880-1) 
and Fidler (1887); which is, to estimate the maximum 
wind pressure at each place by the formula p= 0.01 
v’, in which v is taken from the rotary cup anemom- 
eter records; and in the most exposed places to allow 
for 56 lbs, per sq. ft. wind pressure over from 1.0 to 
2.0 times the effective area of one bridge girder. 

85. The practice of to-day in France is presumably 
in accord with the rules laid down by the text-books 
of the Corps of Bridges and Highways("), which esti- 
mate the wind velocities of storms at 100 miles per 
hour, and which allow for pressure of 60 Ibs. per sq. 
ft. over the effective area of one truss of a solid truss 
bridge, or of 1.5 trusses of an openwork truss bridge. 

86. These recent English and French allowances 
seem more than necessary in long bridges, where the 


cost of the wind bracing is a question of hundreds of- 


thousands of dollars, especially in view of the fact 
that so many bridges with so much less wind bracing 
have stood so well for years, and that one (see Shaler 
Smith, 1880, par. 28), dimensioned for only 30 Ibs. 
pressure, stood safely even when one of its spans was 
actually crossed by the very center of a tornado. 

87. American Practice.—The American practice as it 
stands in 1894 may best be gaged by the rules laid 
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down ‘In the last edition of the text-books (”) of John- 
son, Bryan and Turneaure, of A. J. Du Bois, and of 
W. H. Burr. 

SS. Wind pressures. In these works, the relation of 
pressures to velocities is variously expressed by the 
formula(’) p = 0.0040 v*, p 0.0054 v*, and p = 
0.0100 v*, respectively, in which p is in Ibs. per sq. ft. 
and v is in miles per hour; being the Newtonian form- 
ula: with K = 1.5, 1.9 and 3.7. However, they all 
agree in the ordinary allowances of 30 lbs. per sq. ft. 
for wind pressures on large surfaces("; while increas- 
ing this to 45 Ibs. (Johnson) or 50 (Du Bois) or 4 
(Burr) for small surfaces and unloaded bridges. The 
ratio of the normal pressure upon inclined surfaces 
to the normal pressure on normal surfaces is given by 
both Johnson and Du Bois(™) as sin a to the 1.84 cos 
a — 1 power (quoted from Unwin, 1869, as ascribed by 
him to Hutton), in which a is the angle of the surface 
with the wind; this giving 1.00 for angles of from 9 
to 60°, 0.9% for 50°, 0.88 for 45°, 0.83 for 40°, 0.66 for 
30°, 0.45 for 20°, 0.24 for 10°, and 0.13 for 5° (these 
results for angles less than 50° being all considerably 
smaller than those of Duchemin'’s and Langley’s form- 
vlae). 

8¥. Bridge Spans.—The rules for the application of 

these wind pressures to the calculation of large rail- 
road bridges are mainly as follows(”): The exposed 
area of spans is figured: First, of the unloaded bridge, 
the wind pressure being treated as a dead load; sec- 
ond, of the loaded bridge, the wind pressure on the 
train being considered as a live load; and then each 
portion of the wind bracing is dimensioned to stand 
the maximum strain that may come upon it under 
either condition of load. The exposed area of a girder 
is measured by taking the front surface of each part 
(such as the ordinary upper chords and posts) which 
stands by itself, 1.5 times the front surfaces of those 
parts (as ordinary ties) which are in pairs, and 2.0 
times the front surface of those parts (as ordinary 
lower chords) which are composed of several bars, one 
behind the other(*). The wind pressure on the un- 
loaded bridge is calculated at 30 to 50 ibs. per sq. ft. 
on the exposed area of the floor system, and of either 
both open girders or one closed or plate girder(*). ‘The 
train is treated(*) as a continuous surface of 10 ft. 
height, with its bottom 2.5 ft. above the rails. The 
exposed area of the loaded bridge(*) is measured by 
adding together the exposed surfaces of all the wind- 
ward girder of the floor system, of the train, and of 
all the leeward girder (or at least of so much of it as 
is not closely and completely sheltered by the train). 
The wind bracing is usually.composed of a horizontal 
truss under the floor, and one between the top chords 
of all through bridges, or between the bottom chords 
of all deck bridges, and of vertical sway bracing at 
every panel point of high through bridges or at the 
panel points of all deck bridges. The dead load of 
the wind pressure is assumed ordinarily as divided 
equally between the upper and lower wind trusses, 
where both exist; and the live load is assumed ordi- 
narily as all carried by the wind truss of the loaded 
chord (the lower in a through bridge, the upper in a 
deck bridge). In ordinary long railroad bridges, these 
wind loads are ordinarily assumed(*) at 600 Ibs. (300 
dead, 300 live) per lin. ft. of bridge, of which % (as 
above explained) goes to the wind truss next the floor- 
ing and &% to the other wind truss. In calculating the 
stresses on each wind truss, the loads are assumed as 
exerted on the windward side. The chords and end 
posts of the main trusses are not usually stiffened or 
increased in size on account of the assumed wind 
stresses, except: first, when such stress, alone or in 
combination with a temperature strain, may change 
the strain from tension to compression in a chord built 
to stand only tension; and second, when the wind 
stress on any member exceeds 25% of the sum of the 
maximum stress due to the dead load added to that 
due to the live load(®). 

90. Members subject to alternate tensile and com- 
pression stresses are built to resist each, and propor- 
tioned so as to stand each stress alone, increased by an 
amount equal to 80% of the lesser(”). Where the wind 
acts, the bridge is necessarily bent somewhat to the 
leeward side, and the tension chord of that side of 
the bridge must be made strong enough to stand this 
extra stress. Under the same circumstances, the ten- 
sion chord of the windward side is compressed, some- 
times in excess of the tension due to the dead load, 
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and therefore precautions must be taken to prevent its 


buckling under such excess of compressiou As the 
wind may blow in either direction, 
wind must be considered. 

Yl. The sway bracing which is placed between thy 
vertical posts of the main trusses at each pane! poln! 
is introduced in order to prevent independent laters 
vibration and swaying of the vertical trusses; 
stiffen the long vertical posts, as well as to 
carrying some of the wind stresses to the leeward 


beth directions of 


also to 


“UsSsist lu 


girder. In double-track railway bridges, the sway 
bracing also helps to prevent lateral distortion of tlh 
cross section of the bridge under a load on a singie 
track; but the extra stress due to such work is usually 
comparatively slight. The main stress on the sway 
bracing comes usually when the wind is blowing on 
the unloaded bridge, in which case the web members 
of the lateral system belonging to the chord support 
ing the floor are only about ty loaded, while the web 
members of the other lateral system are fully loaded 


giving rise naturally to unequal lateral deflections and 
the transfer of some stress from the weaker system 
through the sway bracing to the stiffer system Phe 
parts of the sway bracing are therefore usually dimen 
sioned so as to be able to carry 50% of the 
due to each panel of the bridge(’’). 

v2. On ordiuary heavy railway bridges the exposed 
areas per lin. ft. may be roughly estimated at 10 sy. 
ft. fur the train, 1 sq. ft. for the ends of the 
and sides of the guard rails, 4 sq. ft. for the 
tudinal floor girders (or stringers), and 5.0 sq. ft. per 
lin. ft. for each truss (or girder), or a total of 10 to 
14 sq. ft. for the dead wind load on the two trusses 
and floor, or 2.5 to 3.5 sq. ft. for each chord("). 

93. In ordinary double-track railroad 
vertical sway bracing, the 
ing(”) for both trusses may 
6N 1 1136 | b 

——-— — in Ibs. 

170 p 15 
which | is length in ft., N is number of panels, p is 
panel length in ft., and b is width of bridge in ft, 
94. When bridges are built on a curve they musi 
also be stiffened laterally against the centrifugal force 
of the moving train(®). This extra stress is estimated 
at 0.0000117 v D P, in which v is the velocity in miles 
per hour, P is the weight of the train in tons, D is 
the degree of the curve or the angle subtended at the 
center by a chord of 100 ft. of track. For a speed of 
30 miles per hour, this amounts to approximately 1, 
of the weight of the train for each degree of curva- 
ture; and each additional 10 miles of speed is assumed 
to add as much more. This centrifugal force is as- 
sumed to act at a level of 5 ft. above the rails. This 
stress is carried by the floor beams to the posts of 
the outer trusses and thence through the lateral 
trusses to the rest of the bridge. As one of the lateral 
systems usually lies close to the flooring, most of the 
stress comes upon such system, and its amount is 
usually added to that of the wind stresses and treated 
as if it were an extra and live wind load on one side 
of the bridge. 

9. Initial Tension.—All the rods of the wind 
trusses must be further strengthened to cover the 
initial tension (ordinarily given them by turnbuckies in 
bringing all pieces to their proper bearings); and this 
initial tension is usually estimated at 1.0 ton for 1.0 
in. diameter round rods, plus 0.25 ton for euch ad 
ditional 0.125 in. of diameter, or 1.125 tons for 1.0 in. 
square rods, plus 0.281 ton for each additional 0.125 
in. of side, or equal allowances for equal areas of 
other shapes("*). 

96. Piers and Towers.—In the calculation of wind 
stresses on piers or tow ‘rs the same rules apply, with 
slight modifications, as follows: Tbe wind pressure oa 
the whole pier(®) is calculated at that of the front 
surfaces cf the train anJ ef all floor systems of the 
pier, added to twice that of the trussing of the front 
face of the tower assuming the wind pressure on the 
pier and trein together at 30 ibs.(*) per sq. ft., and on 
the unloaded pier ai 50 lbs.(") per sq. ft.; and previd 
ing against the most anfavorable of the two cases. In 
figuring the weight of the loaded pier the train weigh 


is to be taken at that of tbe lightest train that would 
not be blown over by a 30-lb. pressure wind. The pier 
must then be given base enough to prevent its ove: 
turning and also enough to prevent any tensile siresses 
in its posts(’*). 


97. On the open ironwork piers of the average rail- 
road bridge the ex ed area of each side truss of the 
pier is roughly estimated at 4.5 aq. ft.(”) od lin. ft. 
of height. he inclined and horizontal bracing of 
piers and tresties is to be made strong enough te re- 
sist the stresses of all wind and centrifugal forces, 
and of the resistances to horizontal sliding on the 
foundations; while the columns are to be made e strong 


wind load 


lies 


longi 


bridges, with 
weight of this brac 
be roughly estimated at 


per lin. ft. of track, in 
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enough to carry the vertical com 
dae vo wind and centrifugal forces, as wll as the 
loads of the train, track, girders and pier itself. 


98. Longitudinal Bracing.—Ordinarily, no allowances 
are made for any longitudinal wind stresses on the 
bridge. The piers, however, need and receive longi- 
tudinal bracing(@”) to resist stresses resulting froin a 
longitudinal force of about 20%, the dead load of the 
train (or 800 lbs, per lin. ft.), due to a possible sudden 
apereanen of the train brakes; and this allowance is 
also expected to cover any longitudinal wind stresses; 
but usually the columns of the towers are not given 
any extra cross section or strength to carry these in- 
frequent stresses, since such stresses will probably 
not occur during high wind or during other maximum 
loads(*™). 

09. Where the end of the bridge slides on a bed 
plate during extension of the bridge under temperature 
strains, the stress of sliding friction is usually taken 
at 25% of the dead load on the bed-plate(™), and is 
added in with the longitudinal strain due to the ap- 
plication of the train brakes; but special arrangements 
may sometimes have to be made to take special care 
of such stresses. 


100. Dimensioning.--In ordinary wrought iron rall- 
road bridges (in which the wrought iron has an ulti- 
mate strength of 50,000 lbs, per sq. in., with a stretch 
of 12.5 to 18.0%, and an elastic fimit of 26,000 Ibs.), 
the stresses() allowed per unit of structure are from 
5,000 to 6,000 Ibs. per sq. in. of net area on tension 
floor beam hangers and other members lable to irregu- 
lar and sudden strain; 8,000 Ibs. on floor beams, string- 
ers and plate girders; 15,000 Ibs. on tension pieces of 
wind and other lateral bracing; 9,000 to 10,000 Ibs. (re- 
duced for length) on compression posts of lateral and 
other wind bracing; 7,500 to 8,000 Ibs. for other live 
loads, and 15,000 to 16,000 lbs. for dead loads on ten- 
sion chords; 7,500 to 8,000 lbs. for live load, and 15,000 
to 16,000 Ibs. for dead loads (reduced for length) on 
compression chords and posts of the main trusses; 
4,000 Ibs. for shearing of web plates; and 7,500 Ibs. 
for shearing, 12,000 ibs. for crushing, and 15,000 Ibs. 
for bending, of rivets and pins. ‘The reductions for 
length, to be deducted from the above limiting stresses 


nents of the stcesses 


in compression pieces, vary from 30 — to 40 — for or- 
r r 


i 1 
dinary live loads, from 50 — to 60— for wind strains, 
r r 


l l 
and from 60— to 80— for ordinary dead loads, in 


r r 

which | is the length of the compressed piece in ins. 
and r is the least radius of gyration of its section in 
inches. No compression member is allowed to have a 
length greater than 45 times its least diameter or 
width. Girders are given depths of from 1-10 to 1-12 
their span. 


101. Soft steel may ordinarily be considered as 
from 10 to 15% stronger than wrought iron; and medi- 
um steel as from 20 to 22% stronger than wrought 
fron(’™). 

102. New Formulae.—Although the above _ repre- 
sents fairly the average practice of to-day in the 
dimensioning of bracing, there is a rapidly increasing 
tendency(™) amongst bridge engineers towards deter- 
mining the dimensions of tension and compression 
members of all. trusses, including those of wind brac- 
ing, by the use of new formulae, which take into con- 
sideration for each piece its ultimate breaking strength 
(b) under a single applied tensile stress, its limit of 
elasticity (e) beyond which a single tensile stress may 
produce a permanent set, its safe limit for simple re- 
peated strains (p) of either tension or compression 
alone, its safe limit fer repeated reversal of strains (v) 
from tension to compression, or vice versa, and its 
maximum (m) and minimum (n) strains in case of sim- 
ple repetitions of compression alone or tension alone, 
or its maximum (m) of the kind of strain which is 
the greater and the minimum (n) of the other kind 
which is the lesser in case of repeated reversals of 
strains. The repetition limit has been found by ex- 
periment to be a little less than the limit of elasticity, 
and at the same time to vary between and % of 
the breaking strength of the metal; and the reversal 
limit (called vibration resistance by Woebler) has been 
found in the same one to vary between % and % of 
the repetition limit. n the case of an ordinary 
wrought tron, whose ultimate strength, or ordinary 
breaking limit, is 50,000 lbs. per sq. in., the elastic 
limit may be about 60%, or 30,000 Ibs.; the repetition 
limit about 52%, or 26, Ibs.; and the reversal limit 
about 32%, or 16,000 Ibs. 

103. Launhardt and Weyrauch Formulae.—From the 
results of the Sen of Woehler and others (as 
published in 1870 and following years), Prof. — 


hardt has deduced formulae of the form of s = — p 
c 
b—p an 
(1 +—— -) for repeated stresses of either tension 
p m 
or compression alone; and Prof. Weyrauch has de 
p-—v on 
auced formulae of the form of s = — p (1———— . — ) 
e p m 
for repeated stresses of alternate tension and com- 
pression; in which s is the safe load. c is a constant 
of safety, taken usually at about 3.5, and the other 
quantities are as above described, all values being In 
the same unit. usually Ibs. per sq. in. 
104. If p = b/2 and v = p/2, as in ordinary grades 
of wrought iron, then these formulae reduce to s = 
1 »b 


n 
—.-— (1+—) for repeated stresses of either ten- 
ts m 
b 1 on 
sion or compression ‘alone, s = —.— (1——.—) 
e.-2 2m 
for repeated stresses of alternate tension and com- 


pression, and 


s = —.b for unvarying dead load 
e 


to See p. 404, Johnson. 
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stresses, s = — . = b for repeated stresses of equal 
c 


4 3} 

intensity, if unreversed, and s = — . — for repeated 
c 

reversed stresses of equal intensity. 


10. If p = - b and v = —.p, as in some 


special grades of wrought iron, then these formulae 


4 i. -2 
»~b (1+—.-—) for simple 
2m 
. = 
.-b (1——.-—~) for repeated 
¢ t 3 m 
reversals, and s = —.b for unvarying dead-load 
e 


reduce to 8 = —. 


repetitions, s = - 


. b for repeated stresses 


4 
—.b for 


e 9 
repeated reversed stresses of equal intensity. 


106. In the case of long struts, the safe load must, 
of course, be further reduced by the usual formulae 
applicable to such cases; either Rankine’s or Gordon’s, 
or that given above. (See footnote (*%).) 


107. The use of these new formulae is therefore 
equivalent to that of the old formulae modified by 
a variable coefficient of safety such as, in the most 
disadvantageous combinations of live loads, to alluw 
on ordinary metal only 1/4 and on the best metal only 
4/9 of the stress that would be allowed upon it, if 
the stress were unvariable. Such formulae seem to 
be far better than those of the older method for the 
safe and advantageous dimensioning of the different 
parts of trusses in ordinary work. e Pennsylvania 
Railroad formulae for bridge trusses may be deduced 
from the above by making p = b/2, v = p/2, and 
ec = 3.5; which allows no metal, even under quiet dead 
loads, to receive a stress of over 2/7 of its ultimate 
strength, and which allows metal under the worst 
combination of live loads (equal alternating tension 
and compression) to receive a stress of only 1/14 of 
its ultimate strength. The most serious objection that 
ean be made to these new formulae of Launhardt and 
Weyrauch is that they are deduced under the supposi- 
tion that metal by repeated strain within the elastic 
limit is fatigued in the same general way as when 
strained beyond such limit, a supposition that still 
awaits decided proof. 


108. Dynamic Formulae.—Fidler, however, suggests 
that the results of the Woehler experiments may be 
Savoury accounted for by the well-known laws of 
dynamic action, in accordance with which a load in- 
stantaneously applied will produce stresses twice as 
great as will the same load if quiet and constant, and 
any instantaneously applied increment of load will 
cause an increment of stress equal to twice that due 
to an ual increment of quiet and constant load. 
In accordance with this point of view (whose justness 
is very fully proved by him), Fidler has deduced form- 
ulae which he calls “dynamic’’ formulae and which 
(using the same nomenclature as in the preceding 
paragraph) give m = the stress produced by m acting 
quietly and constantly, 2m = the stress produced by 
m acting instantaneously, 2 (m-—n) = the stress pro- 
duced by (m—n) acting instantaneously, n + 2 (m— 
n) =m +(m—n) = the maximum stress resulting 
from instantaneously increasing the stress from n up 
to m, and n+(1l+a)(m—n)=m+a (m—n)=the 
ee expression for maximum stress in all cases; a 
seing a factor introduced to allow for dynamic action 
of the force (m—n), equal to 1 when the application 
is instantaneous, to some intermediate value tween 
1 and O in case of gradual Ny yee = of the force, 
and to 0 only when the force is applied so gradually 
as to be considered quiet and constant. 


109. This “dynamic” formula, arranged for com- 
parison with the Launhardt and Weyrauch forntulae, 


1 m 
therefore becomes s = —.b. for all 
ce mtd+a(mtwn 
eases of varying stresses, the minus sign of n bein 
used for unreversed and the plus sign for revers 


1 
stresses as before, s = —. 
e 


1 
of equal intensity, if unreversed, s = —. 


stresses, thus giving s = — . b for unvarying dead-load 
e 


1 
D's = for repeated stresses of equal 


1 1 
intensity, if unreversed, ands = —.b. 3 for re- 
; 


stresses, 8 = — 
c 


. e 
peated reversed stresses of equal intensity, all of which 
are in perfect harmony with the results of the Woehler 
experiments. 

110. For ordinar 
new ‘“dynamic’’ 
m+a(min) 


1 
—.b 
c 


for safe loading of the member under considera- 
tion, and the other quantities are as before given; the 
minus sign of n being used, as before, for unreversed 
and its plus sign for reversed stresses, and a being 
taken at 1.0 for floor beams (both stringers and cross 
beams), floor-beam hangers, web bracing and all other 
pieces subject to very go een and suddenly applied 
strains, being taken at intermediate values of from 1.0 
to 0.5 for main girders of spans of from 20 to 100 ft. 
length, and at 0.5 for main girders of ordinary spans 
of more than 100 ft. length. This new. ‘ ie” 
formula recommends itself 
its comparative simplicity, its easy adaptability to the 
varying conditions of a practice, and its division 
of the old single coefficient of safety into two dis- 
tinct parts, of which one, c, depends merely on con- 
ditions of manufacture, in mn, and accident, and 
the other, a, d ds on the more easily foreseen con- 
ditions of application of its definite rolling or live 
loads. It now seems quite probable that this new 
“dynamic”’ formula will before many years be used in 
preference to all the others. 

111. Application of New Formulae.—Whenever either 
the new unhirdt and Weyrauch formulae or the 


use in bridge construction, the 
ormula takes the form of A = 


» in which A is the desired area 


y its thorough rationality, — 


(Vol. XXXIII. No. 3 


i. 


new Fidler “‘dynamic’’ formulae are carefully a; 
it would, however, seem safe to diminish the ev 
of safety from 3.5 to nearly 2.0, so as to uti! 
strength of the metal up to nearly its elastic | 
the case of unchangeable loads, taking care, of 
to see that the maximum allowed load, b/c, n 
ceeds the minimum elastic limit, e, of such 1. 
might be expected to actually get into the 1 
structure, due allowance being made for the or: 
unevenness of manufactured products, the or: 
differences between the results of tests upon 
pieces and those upon full-sized members, and ; 
dinary failures of attempted careful inspection. 

112. Wind trusses are, of course, subject 
same variations of temperature as the rest . 
bridge, and must be arranged with due regard t., 
changes. The usual allowance for elongation o: 
is 1.0 in. per 100 ft. under 150° of tempe: 
change(*). 

113. In analyzing the wind stresses in the la 
it is well to consider the various wind loads as 
transmitted cy intermediate parts to tha ; 
of final support by such routes as require the 
internal work, that is, routes such that the in 
work done in producing strain will be minim» 
In some cases the weakness or accidental lov. 
of some pieces of the main or lateral girders 
cause the stresses to be transmitted by unex), 
routes, and to throw unusual and excessive < 
on other parts; and such opportunities must ix 
sidered and provided against, if possible. 


INFERENCES TO BE DRAWN FROM PAstT 
PERIENCE. 


114. The above review of past experiment an. 
servation brings out prominently several fex 
specially worthy of note. 


115. The wind is now known to be far more po 
ful, and also far more variable, than it was cre 
with being in the early days of bridge building ani 
other engineering construction; and the cost of s:/. 
protecting against it is so great that its exact p 
and variation are of far more importance now tv « 
gineers than ever before. 


116. The discordant results so far obtained from 1) 
cup rotary velocity anemometers, and even the 
dinary small plate pressure anemometers, show | 
more accurate instruments are necessary before thi: 
records can be much utilized in the accurate determi 
tion of actual wind velocities and wind ae. A 

resent, their records must be reduced by from 10 to 

% before the results of the velocity and pressure 
anemometers will be in accord with those of oth. 
more accurate apparatus. 


117. The normal pressure of the wind on the ends 
of cylinders of somewhere about three diameters 
length is unanimously considered less than on either 
longer cylinders, or on shorter cylinders, or on thin 
plates of the same head surface. The increased press- , 
ure thus acknowledged on short cylinders and thin 
plates is generally considered to be due to the partia 
vacuum which is formed by the rush of the wind away 

‘om d the short cylinder or plate; and therefor 
will diminish with any convexity or pointing of tl: 
front head that redaces the scattering of the striking 
wind, or with any convexity or pointing of the rear 
surface that will fill up the place otherwise occupic:! 
by the partial vacuum, or with any arrangement (lik: 
that of numerous small holes all over the front plate) 
that will allow a little air to go through the plate in 
quantity sufficient to reduce the partial vacuum. ‘This 
partial vacuum must also be dependent to some extent 
upon the shape of the perimeter of the plite, as wel! 
as the ratio of the perimeter to the area of the plate: 
but the amount of this effect is evidently sinail, or iis 
general effect, at least, would have long ago been set 
tled beyond question. Combining the results of experi- 
ment with the ideas of theory, it would seem probable 
that for each different velocity of the wind there is 
some ratio of the perimeter to area of plate, at whic! 
the — vacuum per unit of surface is a maximum; 
so that for a given velocity of wind, the pressure per 
unit of area will be least for both the largest ani 
smallest surfaces and greatest for some intermediate 
area. 


118. In only one case (that of Crosby, 1890, par. 76) 
has experiment indicated results departing markedly 
from the Newtonian law that the normal pressure of 
the wind is a proportional to the square of the 
velocity; and, considering that this result is not con- 
firmed by other experiments (especially those of Lang- 
ley. 1890, par. 80) with more perfected apparatus at 
very nearly the same high velocities, it would appear 
that we must continue to admit the Newtonian law 0! 
variation with the square of the velocity, at least fur 
the present, and until it be disproved by the cou 
cordant results of many experimenters. At the san 
time, it is evident that any future change in the 01 
formula is to be towards a reduction of the pressure 
and not towards its increase. 


119. The difference between the results of moving 
air on still plates and of moving plates against s‘i!! 
air, which should be nothing, aecerting to thevry, but 
which was in the first place very considerable, now 
seems to be rapidly yen gene | as experimental a) 
paratus is perfected, and as the errors of such ap- 
paratus become better known; so that it is to-day 
quite probable that this difference will soon be prove! 
so small as to be practically nothing. 


120. The extension of wind pressure formulae to 
other conditions markedly different from those under 
which these formulae were deduced, is now pretty we! 
admitted to be unsafe; and consequently the real press 
ures of wind at high velocities is still a matter 0! 
considerable doubt, even wu small surfaces, and sti!! 
more upon very large surfaces. The best that can be 
done under such circumstances is to temporarily acce)' 
the best established results of the past, checking thei 
as far as ble with outside collateral evidence, an! 
to stand by these results while endeavoring to secur: 
others more satisfactorily proven. What is now neede'! 
is observation of actual wind pressures at high veloc'- 
ties on large surfaces, such as actual large houses 
sheds, or bri with measurements of the actu:! 

ressure, or deflection, or oscillation thereby pro 

uced; and comparison of these results with measure 

ments of the actual wind velocities obtained by som- 
method more certain than that of the ordinary instru- 
ments of to-day. 

fro} See p. 469, Du Bois. 

See p. 196, Johnson. , 
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121. The component and resultant pressures upon 
reular and square inclined surfaces seem already 
iown well enough for all practical purposes (see 
suchemin, par. 14; Langley, par. 80); but the diminu- 
in of this pressure per unit of area due to the in- 
eased length of such surfaces in the direction of the 
ind stil needs much further investigation. About 
that is as yet definitely known as to this diminution 
- that under small angles (léss than 30°) of inclina- 
m of the plate to the wind, the forward portion of 
ie plate so diverts the wind that the rear portion of 
ne plate dees not receive as much pressure, nor offer 
<« much resistance as if it stood alone; while under 
ch angles of inclination, the effect is sometimes ap- 
parently reversed, (See Langley, par 80.) 


122. When the wind is so cornered that its free es- 
.pe is impossible, as when it blows into the open side 
f an otherwise closed house or shed or sphere, then 
ie mass of air thus cornered naturally acts as does 
every fluid under such circumstances, and its pressure 

; practically equalized in all directions, and is di- 
ected normally to all its confining surfaces. Hence, 
nder such circumstances, it is able in many cases to 
ft roofs and blow out sides of buildings that are 
varalliel, or even somewhat inclined toward, the gen- 
oral direction of the wind, and in this way to exhibit 
. force which at first thought appears far in excess 
f that actually exerted. 

123. The pressures upon and resistances of spheres, 
-ylinders, cones, pyramids, cups, etc., are not yet as 
well determined as desirable, the results of various 
experiments differing sometimes by 50% of the cor- 
responding normal pressure upon flat surfaces of the 
same area. In many cases, however, this difference 
is due to want of clearness in the statements of the 
experimenters, some of whom report the total normal 
pressure upon the surface itself, while others report 
only such component of the pressure as is parallel to 
the direction of the wind, and which therefore repre- 
sents the resistance of the surface to the wind’s mo- 
tion. In such eases, it is usually well not to adopt ex- 
treme reported values; at least, not until the accuracy 
of their report has been further checked by careful 
examination of the original records or by comparison 
with those of other experiments. 


124. The extent of shelter given by one body to an- 
other adjacent body at its side, or in its rear, as well 
as the increased pressure that can be thrown upon 
one body by the near presence of another body, is 
something as to which the results of the past experi- 
ments show wide differences. In both cases, not only 
the form, but also the roughness of the two bodies 
should be considered as materially affecting the results. 
Still, such results as are already attained are yet 
of considerable value though much further careful 
investigation is desirable. 


APPLICATION TO BRIDGES AND OTHER EN- 
GINEERING STRUCTURES. 


125. In reviewing the above experiments with re- 
spect to their application to building construction, and 
weighing the value of each observer's results, accord- 
ing to the circumstances of their method and records, 
it would seem that the following are safe deductions. 


126. Meteorological Records.—As to meteorological 
records, all maximum wind velocity records of the past 
derived from the use of the ordinary cup rotary ane- 
mometer whose constant of reduction is 3.0 (almost 
all those prior to 1873, most of those prior to 1885, 
and even many since), should be reduced at least 20% 
for 30-mile velocities, and rhaps a little more for 
higher velocities, to correct for the now known past er- 
ror in the constants of the apparatus (see Ferrel, par. 42, 
and Abbe, par. 45); and even after such correction, all 
these records may have to be still further reduced 10% 
on account of the unevenness of ordinary. and high 
winds (see Langley, par. 82, and Forth Bridge experi- 
ments, par. 53) to get the average wind. But, on the 
other hand, it is to be remembered that all high-wind 


velocities (see Langley, 1893, experiments, par. 82) 
may be subject to repeated oscillations of trom 30 to 


40% each way from the average at half-minute inter- 
vals for several minutes, and sometimes even to an in- 
crease of 60% for nearly a whole minute; so that it 
is not unreasonable to assume the velocities of occa- 
sional gusts to be as high as those given by the unre- 
duced records of the ordinary cup rotary anemometer 
(estimating the wind velocity as 3.0 times that of the 
cups), and to assume the steady wind velocity during 
the same time as not over 70% of that given by the 
same records, Again, ai maximum small (say 1.5 > 
ft. area) plate pressure anemometer records (see Fort 

Bridge experiments) should be reduced at least from 
36 to 40%, in order to give the corresponding maxi- 
mum pressures on large surfaces of sq. ft. area, 
and about 40% more to allow for the effects of gusts 
or something else; so that on bridges and houses it 
is not unreasonable to assume the actual” maximum 
wind pron of gusts as not over 60% of that regis- 
tered by the ordinary smali plate SS ee ane- 
mometers, and to assume the actual steady wind press- 
ure during the same time as not over 36% of that given 
by the same records. 


127. Ratio of Velocity to Normal Pressure.—As to the 
direct relation of wind velocity to the corresponding 
wind pressure upon thin plates normal to the wind, 
it seems reasonable to assume this as given, for freez- 
ing temperatures, by the formula (see Langley, 1890, 

v 


experiments) p = 0.0039 vy? = os (or the Newtonian 


formula with K = 1.44); in which p Is in Ibs. per sq. 
ft. and v is in miles per hour. For cold winter 


v2 
storms this would become p = 0.0043 v? = ‘= giv: 


ing resulting pressures as follows: 4 Ibs. pressure for 
30 miles velocity, 7 Ibs. for 40 miles, 11 Ibs. for 5) 
miles, 15.5 Ibs. for 60 miles, 21 Ibs. for 70 miles, 27.5 
lbs. for 80 miles, 35 Ibs. for 90 miles, 43 Ibs. for 100 
miles, 52 Ibs. for 110 miles, 62 Ibs. for 120 miles, 73 Ibs. 
for 130 miles, 84 Ibs. for 140 miles, and 97 Ibs. for 150 
miles. (While some experiments show very decidedly 
that the pressures are no greater than the above, yet, 
in view of the experiments made Langely at nearly 
as high velocities as the others, and under more favor- 
able conditions as to the whirling table, it does not 
seem wise to adopt the lesser pressures until confirnied 
by further experiment.) 

‘ 7S oe < pot pera | to pressures = a 
nelined surfa n terms o e pressure e 
same wind velocities on thin surfaces normal thereto, 





these pressures seem best expressed by the formulae 


2 sin? a 2 sin a cosa 2sina 
pana —, and N = —————_-; 
1+sin?a 1+sin?a 1+sin?a 
in which H is the component parallel to the wind, L 
the lifting, depressing or side-moving component per- 
pendicular to the wind, and N is the normal pressure 
on the inclined surface (see Duchemin, par. 14, and 
Langley, par. 80). These values give H = 1.00, = 
0.90, N = 1.00 for a = 90°; H = 0.94, L = 0.32, N = 
1.00 for a = 70°; H 0.86, L = 0.43, N = 0.99 for 
a = 60°, and H = 0.67, L = 0.67, N = 0.94 for a = 45°. 
(For values at intermediate and other angles, see under 
previous heading of Ency. Britannica, 1880.) 


129. As to the pressures parallel to the wind upon 
solids and curved surfaces, in terms of the pressure 
of the same wind upon thin surfaces normal to the 
wind, these pressures seem best expressed as follows: 
90% on cubes turned either square or edgewise, 80% on 
the side of octagonal prisms, 70% on the ends of cylin- 
ders of 3 diameters (or more) length, 60% on the con- 
vex side of cylinders, and 40% on the convex side of 
spheres and deep cups (the pressures on convex sur- 
faces being subject to as much as a 1/5 increase in 
case of their close proximity to any single plane sur- 
face which might prevent the easy flow of the wind 
around the cylinder); 115 to 130% on the concave side 
of cylinders, channels and flat cups, and 130 to 170% 
on the concave side of spheres and deep cups. 


130. Lattices and Gratings.—As to the effective sur- 
face of resistance of lattice work and gratings, it is 
to be remembered that the first result of scattering a 
great number of very small holes over the surface of 
a Jarge thin plate is to allow the wind to go through 
the plate in sufficient ew to reduce the partial 
vacuum otherwise existing on the back of the plate, 
and thus to immediately reduce somewhat its total re- 
sistance, so that this reduced resistance will probably 
not be much greater than that of a cylinder of 3 
diameters length; after which the enlargement of the 
holes tends merely to change the condition from that 
of a single large isolated plate to that of a large num- 
ber of individual small plates touching on two sides 
only. Moreover, as long as each opening is of small 
diameter and the total 
ings is much less than the total 
the solid parts, the wind passing through each 
opening is in the condition of a contracted 
vein of fluid, and the effective area of resist- 
ance to its flow is much greater than the total front 
area of the solid parts of the lattice. On the other 
hand, when each opening is of large diameter, and the 
total front area of the openings is very much greater 
than that of the solid parts, the contraction becomes 
comparatively very slight, and the effective area of 
resistance to its flow approaches very nearly that of 
the exact total front area of the solid parts alone. 
From this point of view, and in fair accordance with 
the theorem of Gaudard (see Fidler, par. 63) and the 
experiments of Kernot (see Kernot, par. 83), and in de- 
fault of more accurate knowledge, it would seem rea- 
sonable to assume the effective area of a half-open or 
very open lattice to be at least equal to the front area 
of its solid portions, increased by a —- equal 
to the ratio of the frontage of the solid portion to the 
frontage of the entire lattice (openings and solid por- 
tions together), that is to say, increased b 1% if the 
frontage of the solid parts were only 1% of that of 
the whole lattice, by * if the frontage of the solid 
parts were 5% of that of the whole lattice, and so on, 
until, when the frontage of the solid parts equals the 
frontage of the openings the total effective area of 
resistance of the lattice would be 150% of the frontage 
of the solid parts, or 75% of the frontage of the entire 
lattice; after which, as the area of the openings di- 
minished, and as long as the openings were large 
enough to prevent the formation of a partial vacuum 
in rear of the lattice, the effective area of resistance 
of the lattice would remain practically constant, and 
neither much more nor much less than 75% of its total 
front area. In case that the ratio of openings to solid 
parts in a lattice is not tolerably uniform over all 
the different portions of the lattice, then, for purposes 
of exact computation of its effective area of resistance 
against wind pressure, the lattice should be divided 
up into sections such that the above ratio shall be 
tolerably constant throughout each separate section, 
and each section should then be computed separately, 
after which the results may be combined, as may be 
judged best. While the above rule is thought to be 
as accurate as present data will justify, further ex- 
periment in this direction seems very desirable. 


131. Proximity of other surfaces. As to the 
effective shelter of one surface by another, or 
the increased pressure thrown upon one surface 
by the proximity and position of another, their 
amount must depend greatly upon the shape, form, 
smoothness and position of each surface; eo that only 
the most general rules are practicable, and these must 
be modified according to the local circumstances in 
each particular case. The following rules seem to go 
fully as far as is authorized by present knowledge, 
and are given more as suggestions than as actually 
proven facts. 


132. A flat plate may have its own effective area of 
resistance to the wind considerably diminished by the 
resence of another larger — flat plate directly 
n its rear, so long as the distance between the two 
plates is not greater than once the least width of the 
rear and larger plate, this diminution amounting in 
exceptional cases to as much as 66% of the normal 
resistance of the front plate or 30% of that of the rear 
plate; but in such case the resistance of the rear 
plate is also diminished, so that the total resistance 
of the two plates is not much, if any, greater 
than that of the rear and larger plate if standing 
alone. As the distance between the plates Is further 
increased, the resistance of each plate increases, until, 
when the distance between the two plates becomes 
from 3 to 6 times the least width of the front plate, 
then the resistance of the two plates together becomes 
practically what it would have nm if each of the two 
plates had stood entirely alone. On the other hand, 
a flat plate may have its own effective area of resist- 
ance to the wind aighty increased by the presence 
of another smaller parallel flat plate in its rear, so 
long as the distance between the two plates is not 
= than once the least width of the front and 
tger plate, this Increase amounting in exceptional 
eases to rhaps as much as 20% of the normal re- 
sistance of the rear plate, or 12% of that of the front 
eee; OF in such case the resistance of the rear 


reversed so that the total ce of the 
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two plates is not much, if any, greater than that of 
the front and larger plate, if standing alone. As the 
distance between the plates is further increased, the 
resistance of each plate increases, until, when the dis 
tance between the two plates becomes from 3 to 6 
times the least width of the front plate, then the re 
sistance of the two plates together becomes practically 
what it would have been if each of the two plates 
had stood entirely alone. If the two plates be con 
nected together by web plates at their center or side 
so as to form an I-beam, channel beam, or hollow 
beam, the web plates being in each case solid surfaces 
— to the wind, the total resistance of the com 
yination will remain practically unchanged in the case 
of the I-beam, will be reduced to about that of the larger 
late alone in the case of the hollow beam, and will 
© about half as much reduced in the case of the chan 
nel beam. The above rules apply, of course, only t 
the case of winds normal to the front surfaces of two 
plates whose centers are in a line with the motion of 
wind. Cylindrical and spherical plates may 
each other in similar manner, but to a very much less 
extent; but it does not seem probable that either the 
front or rear shelter of convex smooth semi-cylindri 
cal plates will extend to more than one-half the dis 
tance nor more than one-half the amount of that pro 
luced by flat plates. With convex smooth semi-spheri 
cal plates the shelter will probably be less than one 
third that of flat plates. 

133. Plane surfaces parallel to the wind, placed at 
the sides of either flat plates or convex smooth cylindri 
cal plates, may greatly dinvinish or increase the re 
sistance of the hatter, according as they assist or ob 


shelter 


struct the flow of the wind around the edge of the 
plates. If put in front or in rear of a plate, and op 
posite its center line, the effect will be practically 


nothing; if put on the side of a flat plate and in its 
front, the resistance of the plate may be slightly in 
creased, and if in its rear, the resistance may be 
slightly diminished; if put on the sides of a convex 
cylindrical plate and in its front, the resistance may 
be increased up to that of a flat plate under similar 
circumstances, but if in its rear, the resistance may 
be slightly diminished over what it was before. Chan 
nel bars and concave semi-cylindrical bars will usually 


offer at least as much resistance as flat bars of the 
same front, and perhaps more. 

134. Plane surfaces normal to the wind, such as 
fences or parapets, may also, by their proximity to 


other surfaces also normal to the wind, either add to 
or reduce the resistance of the latter surfaces, accord- 
ing as they deflect the wind away from the latter sur 
face or as they obstruct its passage around the latter 
surfaces. In such cases, however, the combination of 
the two surfaces acts usually as a single inclined 
rough surface of considerable depth, and sbould 
treated accordingly. 


135. The advanced portions of large surfaces nearly 
parallel to the wind, and leng in its direction, often 
serve to a considerable extent as a shelter to the re 
tired portions, in which case the advanced portions 
may receive more than their average share of the en 
tire pressure, and the retired portions very much less, 
so much so that the total pressure against such a sur 
face which is long in the direction of the wind, may 
be much less per unit of surface than if the surface 
were wider and less deep; in other words, may act 
towards the wind much the same as a convex cylindri 
cal surface, so that its total resistance will be less 
than that of a normal plane surface of the same front 
age to the wind. On the other hand, if such surface 
be nearly normal to the wind it may act much the 
same as a concave cylindrical surface, so that its total 
resistance may be a little greater than that of a\nor 
mal plane surface of the same frontage to the wind. 
If, however, the plane surface is iong across the wind 
and short in the direction of the wind, the preced- 
ing results may be reversed so as when nearly normal 
to the wind to act like a convex cylinder, and when 
nearly parallel to the wind to act like a concave cylin- 
der. 


136. Gratings and lattices afford shelter to objects 
in their rear in much the same way as do solid plates. 
though to a less extent, largely dependent upon their 
greater or less solidity. The sheltered object is ex 
posed, firstly, over its entire surface to a reduced wind 
— from the wind that comes through the open 
ngs of the grating, and, secondly, near its edges (and 
sometimes nearly everywhere) to a nearly full wind 
pressure from the wind that swings around the outer 
edges of the grating; this first pressure being at least 
equal to such a percentage of that on the grating as 
represents the ratio of the effective area of the open- 
ings to the full area of the grating; and the second 
pressure being at least equal to that which would 
exist if the grating were replaced by a solid piste. 
Consequently, in default of more accirete knowledge, 
the rear surface (whether solid or open) may reason- 
ably be considered as sheltered by the front grating 
only to the same extent as if this grating were re- 
placed by a smaller solid plate whose frontage was 
equal to the effective front area of the solid parts of 
the grating. Where the grating is not uniform In its 
openings, it should be treated as composed of several 
smaller gratings, each of which is practically uniform 
as to its openings. : 


WIND BRACING OF BRIDGES. 


137. Diagonal Wind.—From the above rules it is 
fairly easy to deduce the approximate wind pressures 
upon the different parts of a bridge or other engineer- 
ing structure by taking up each part in detail. In 
this application, however, it is well to bear in mind 
the modifications due to diagonal directions of the 
wind, that is, to those not exactly horizontal and not 
exactly normal to the bridge axis. It is hardly neces- 
sary in modern well stiffened ordinary and long bridges 
to consider any unlifting wind pressures on the bridge. 
for general observation testifies to these being of 
small amount, except in peculiar gorge-like localities 
or during cyclones or tornadoes. Even in such cases, 
all that is apparently necessary to the safety of the 
bridge is to so arrange the flooring that it may be 
torn up from the floor girders by the wind before the 
upwa lifting wind strain becomes great enough to 
throw serious strain upon the main bridge girders or 
trusses. In the earlier built suspension bridges, which 
were very lightly built, whose suspension cables were 
not cradied, and which were not stiffened by diagonal 
stays, the roadway was so easily distur from its 
normal position by slight movements of rolling loads 
that it was in a state of constant undulation when 
subjected to even light traffic loads or moderate winds 
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Under such circumstances, winds slightly inclined up- 
ward from the horizontal could easily send undula- 
tions across the bridge and back, and put successive 
portions of the roadbed. in sitions inclined to the 
10rizontal enough to allow the wind pressure to lift 
the roadbed on its windward side and to thus throw 
greatly increased pressure upon the leeward main 
cables. This might even happen in case where the 
main cables were cradled, provided the diagonal stays 
and stiffening trusses were omitted. But in the mod- 
ern suspension bridge, using both strong stiffening 
trusses and strong diagonal stays, no such action n 

be feared. Downward ——_ winds are of still less 
frequent occurrence and still less force, and therefore 
need not be considered at all. The greatest wind 
pressure upon the ordinary bridge will therefore come 
from horizontal winds, and the greatest strain upon 
the bridge will be naturally from such as are either 
niornmval to the axis of the bridge or nearly so. How- 
ever, as the wind may be inclined 20° either way from 
the normal before the normal pressure on the surface 
diminishes perceptibly, 45° before it diminishes as 
much as,6%, and 60° before 20%, a diagonal wind, by 
blowing ‘in behind the front surfaces of vertical and 
digzgonal bracing of all vertical trusses, and by thus 
reaching all their rear and otherwise protected parts, 
may throw on the bridge a much greater strain than 
that due to a normal wind. Therefore, if the strain 
on the bridge be computed from that of a normal 
wind, the effective area of all vertical trusses must 
include at least all surfaces that may be reached b 
diagonal winds of about 45° angle. his of itseif will 
therefore usually prevent the necessity of considerin 
the question of any ible shelter afforded to eac 
other by paired tle or other verticals or diagonals 
in the vertical trusses. 


138. Gusts.—As to the inequalities of the winds, 
that is to say, gusts, and the sudden pressures thereby 
brought upon the bridge, it seems reasonable to assume 
that such gusts will not extend at one time over more 
than 600 to 1,000 ft. length of a bridge, and that 
such pressure should be treated like any other live 
load. However, it should be borne in nd that the 
maximum pressure of gusts during storms of maxi- 
mum intensity will occur so rarely, and the strain of 
the metal ll therefore be so slight, that in such 
cases it is reasonable to allow the stress to reach very 
nearly the elastic limit of such metal. Moreover, it 
is necessary to bear in mind the fact that before any 
gust can act upon the wind bracing of a bridge, it 
it must take the time and use up the en neces- 
sary to overcome the great inertia of the bridge, this 
inertia, moreover, increasing very rapidly with the 
length of the bridge span. 4 

130. Wind Pressure.—Consec montiy, in long bridges, 
where periodic oscillation of the bridge has been duly 
provided against, it would seem that wind pressures 
would be amply provided for by allowing for, first, a 
dead-load wind pressure equal to the average steady 
pressure of high winds over the entire effective area 
of the bridge, increased by a live-load wind pressure 
equal to the added effect of 30% added wind velocity 
(or 70% added wind pressure) over from 600 to 1,000 
ft. length of the bridge; and that the value of the 
wind velocities may be taken at 70 or 90% (according 
as the anemometer constant is 3.0 or 2.3) of the maxi- 
mum of the ordinary cup rotary anemometer records 
of the neighborhood, converted into wind pressure by 

v 


the use of the formula p = roy == 0.0043 v*; or the 


value of the wind pressures of gusts on the large 
bridge surfaces may taken at 60%, and the average 
steady wind on the bridge at 36%, of the maximum of 
the small plate pressure arnemometer records of the 
neighborhood. Acting upon this basis and the records 
of 1868 to 1888 of the Bidston Observatory (see pars. 
31 and 57), long bridges near that observatory should 
be prepared to resist the theoretical pressure due to 
steady winds (computed at 0.9 of the velocity anemom- 
eter records) of as much as 83 miles per hour once in 
16 years, of 83 to 64 miles perhaps once per year, of 
«4 to 54 miles perhaps twice in one year, and of less 
than 54 miles at shorter intervals; or to resist steady 
pressures (computed at 0.36 of the small-plate press- 
ure anemometer records) of from 33 to 29 lbs. per sq. 
ft. twice in 16 years, of from 29 to 18 Ibs. en 
once per year, of from 18 to 15 lbs. perhaps twice in 
one year, and of less than 15 lbs. at shorter intervals; 
or to resist steady pressures (as deduced from velocity 
v 
anemometer records and the formula p = aan° of as 


much as 30 Ibs. once in 16 years, of 30 to 18 lbs. per- 
haps once per year, of from 18 to 13 lbs. perhaps twice 
in one year, and of less than 13 lbs. at shorter inter- 
vals; so as to make necessary an allowance of at least 
30 Ibs. per sq. ft. steady wind pressure over the whole 
bridge front, and 50 lbs. per sq. ft. gusty-wind press- 
ure over from 600 to 1,000 ft. length. These same 
limits appear large enough for all ordinary localities in 
the United States, except in those regions where oc- 
casional tornadoes are to be naturally expected and 
specially provided for. 


140. Example.—The computation of wind stresses 
and bracing upon a long single-track railroad bridge, 
adapted to the heaviest trains, and having panels of 
25 ft. length and 28 ft. depth, and spans of 150 ft. 
length, would therefore proceed about as follows: 


141. Wind Area.—The effective wind area of the 
roadbed Cotating the guard rails, ends of the cross- 
ties, and track girders) may be obtained by treating 
the fronts of tie ends as forming a continuous grating 
with a 75% coefficient, the front guard rails as short 
solids with a 90% coefficient, the front track girders 
as H-beams or short solids with a 90% coefficient, 
considering the length of the ties as of neutral effect, 
considering the rear guard rails as unsheltered, and 
considering the rear-track girders as adding about 10% 
to the area of the front girder; so that the total ef- 
fective resistance of the roadbed fend foot length of 
bridge may as a rule be taken at about 2.0 aq. ft. for 
the two guard rails and the ties, and about 5.0 sq. 1. 
for the two track gicders, or about 7 sq. ft. in all. 


142. The effective wind area of the main girders or 
trusses of the bridge may be obtained by treating each 
of its round vertical or diagonal tie rods as a cylinder 
with a 60% coefficient (none of them considered as re- 
ceiving or giving any shelter to the other), each of its 
vertical or diagonal tie bars as a flat plate with a 
100% coefficient (none of them considered as receivin 
or giving any shelter to the other), each horizonta 
bar or plate (at eight or more distance in front 
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of or behind another) and each group of horizontal 
tie bars or plates (oue behind the other and within 
two breadths distance of the broadest plate) as a sin- 
gle piate of the breadth of the broadest with a 
100% coefficient, each group of horizontal tle bars or 
tie plates (one behind the other, and within about four 
breadths distance of the broadest plate) as a_single 
plate of the breadth of the broadest and with a 15)% co- 
efficient, square solid-sided hollow beams as short solids 
with a 90% coefficient, I-beams and square lattice- 
sided hollow beams when horizonta) as a single flat 
es with a 100% coefficient, the same I and lattice 
eamns when vertical or diagona) and with solid sides 
and open front as a single flat plate with a 100% co- 
efficient, the same I and lattice beams when vertical 
or diagonal and with solid front and open sides, as 
two flat plates of sizes equal to their front and rear, each 
with a 75% coefficient, other open-built beams and 
octagonal beams as i of the size of the great- 
est cross section parallel to the track with an 80% co- 
efficient, rough-surfaced cylinders as octagonal beams, 
smooth-surfaced cylinders and wire ro and _ wire- 
wrapped cables as cylinders with a coefficient, 
horizontal cylinders as completely sheltering other 
similar cylinders touching them in their rear and as 
giving 50% shelter to those at 2 diameters distance 
and nothing at 4 diameters distance, vertical and 
diagonal cylinders and octagonal posts as giving no 
shelter to others in their rear, and the rear main gir- 
ders or trusses (if lattice work or low solid work) as 
receiving no shelter from front girders or trusses, but 
both front and rear trusses being considered as shel- 
tered by so much of the track girders (or stringers) as 
may be directly in front or rear of their actual -sur- 
faces; so that the total effective area of resistance of 
the main girders may be assumed per foot-length of 
bridge at about 0.8 sq. ft. for each tension chord, 
about 1.4 sq. ft. for each compression chord, about 1.0 
sq. ft. for both diagonals (after 1-6 reduction for shel- 
ter by track girders), about 1.5 sq. ft, for each post 
(after 1-6 reduction for shelter by track girders), or 
about 4.5 sq. ft. for each girder, or about 9.0 sq. ft. 
for both girders. 


143. The effective wind area of the two trusses of 
the horizontal bracing of heavy bridges (so far as 
not already provided for above) may be taken at that 
of the diagonals of a “—_ truss, one truss being 
usually entirely sheltered the compression chords 
of the main girders, the other truss, however, being 
where its posts are sheltered but its diagonals un- 
sheltered; and these diagonals may be treated as short 
solids with a 90% coefficient; so that the total effective 
area of the horizontal bracing per foot-length of 
bridge may be assumed at about 0.2 sq. ft. 


144. The effective wind area (due to diagonal wind 
pressure) of the vertical sway bracing may be taken 
at that of the diagonals alone, the other pieces either 
being sheltered or already provided for above; and 
these diagonals may be treated as cylinders with a 
70% coefficient, and as not sheltering each other; so 
that the total effective area of the sway bracing per 
peace of bridge may be assumed at not over 
.05 sq. ft. 


145. For a heavy single-track railway bridge, the 
total effective area of wind resistance may therefore 
amount to 7.0 + 9.0 + 0.2 + 0.05 =— 16.25 sq. ft. per 
foot-length of bridge. 


146. For double-track bridges, the effective wind 
area of the roadbed will be increased about 40% by 
the presence of the added guard rails and track gir- 
ders, and the effective area of the other parts of the 
bridge will be increased about the same percentage 
by the added size of each piece; so that unless spe- 
claNy computed (as, however, should be done in each 
case in the final revision of plans) the effective area 
of the double-track structure may be taken approxi- 
mately as 40% greater than that of a single-track 
bridge, or as about 23 sq. ft. per foot-length. 


147. The effective wind area of the piers or towers 
may be determined in the same general way as that 
of the spans, being equal to that of its front truss, its 
rear truss, the front surface of its various platforms, 
and the front surface of the diagonals of its awey 
bracing, so as to amount per foot-height to fully 2. 
sq. ft. per corner, or 5.0 sq. ft. per front or rear side, 
or 10.0 sq. ft. ei foot-height for the entire pier of a 
single-track bridge or 15.0 sq. ft. per foot-height for 
the entire pier of a double-track bridge. 
culating the stability of a pier against 
it is to be remembered that the piers are 
held down upon their foundations by not only 
their own weight, but also by that of their share 
of the bridge and its load, and that they are pressed 
laterally by not only their own wind load, but also 
by that of their share of the bridge and its load. 


148. The effective wind area of trains may be de- 
termined by as the train as 10 ft. high, with 
its bottom 2.5 ft. above the rails, and treatin 

short solid with a 90% coefficient, and consideriag it 
as sheltering its own height of the verticals and di- 
agonals of the two trusses, and all trains in its rear; 
so that the added wind area due to the train will be 
only about 7 to 8 ft. per foot-length of bridge occu- 
pied by trains. This load, however, must be regarded 
as a moving load, travelling gradually across the 
bridge. As some car of the train would probably 
be blown over by an 80-mile wind, and as a train 
therefore would not enter the bridge at such time, it 
is not necessary to consider the wind pressure on the 
train at times of maximum wind velocities, although 
such train area should be considered under the gusty 
effect of moderate winds. 


149. In suspension bridges the effective area of re- 
sistance of the main cables and suspenders be ob- 
tained by treating each main cable as a cylinder with 
a 60% coefficient, and considering it as completely 
sheltering other cables directly in rear, if touching 
one to the other, or giving 50% shelter at 2 diameters 
distance, center to center, but no shelter at 4 diame- 
ters distance to either other cables or other parts of 
the bridge, and by treating each suspender as a cylin- 
der with a 60% coefficient, and considering it as giv- 
ing no shelter to any other suspenders or other parts 
of the bri ; so that in bridges of 4,000 ft. length of 
span the effective wind area of the main cables and 
suspenders alone may be as much as 8.0 sq. ft. per 
foot-length of single-track bridge, or 12.0 sq. ft. per 
foot-length of double-track bridge, and 4.0 sq. ft. per 
foot4tength for each additional track. 


150. Total Wind Pressure.—Having found the effec- 
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figured at 30 Ibs. per sq. ft. over the entire } 
with a train upon it, or Ibs. per sq. ft. over | 
600 to 1,000 length of the unloaded bridg: 
p= yee piers), increased by 30 Ibs. per sq. ft. ove: 
rest of the unloaded bridge, and then using in s 
quent computations whichever of these totals prvi 
the greatest stress upon the particular members » 
consideration. 


151. Arrangement of Wind Bracing.—The wind |, 
ing for ordinary bridges may then be arranged in 
form of two horizontal trusses, one above and 
other below the roadway, as in the usual arrange: 
of modern bridges, stiffened by vertical sway bra. 
In case of very long bridges, it may be desirab).. 
supplement heron We | horizontal cables passing uy 
the bridge floor and around the piers and out to 
shore anchorages, the versine of the cable being f; 
% to % the breadth of the piers. In suspen, 
bridges, these two methods are advisably further s 
plemented by the swinging in or “cradling” of ; 
main cables to such extent that this cradling may 
not only — to su rt all the wind pressure 
the cables and suspenders, but also considerate 
that on the stiffening truss and roadway, besi: 
otherwise stiffening the bridge against lateral i.\ 
ment. 


152. Dimensioning of Wind Bracing.—The dimens; 
ing of the various parts of the wind bracing may 1v\ 
be computed by the usual methods, the use of the 1: 
formulae of Launhardt and Weyrauch (see par. 1; 
being recommended as preferable to the older meth xi. 
and that of the new dynamic formula of Fidler (« 
par. 110) as preferable to either. In these comput« 
tions, especially under either of the new formuia. 
it'seems hardly necessary because of the infreyuen 
of the maxinium stresses to use a coefficient of safe: \ 
much greater than that actually necessary to mak 
certain that the maximum stress is not allowed 
any time to go beyond the minimum elastic limit 
such metal as may be naturally expected to actual 
get into the finished structure, due allowance bein: 
made for the ordimary unevenness of manufacture! 

roducts and the ordinary failures of attempted car 
ul inspection, this minimum elastic limit being «&: 
ducible from the tests of full-sized members, as we! 
as from those of a large number of smaller pieces, of 
such metal as it is proposed to use. With ordinary 
grades of wrought iron and ordinary circumstances 0! 
manufacture and inspection, the coefficient of safety 
may best be taken at 3.5, and the repetition Hmit a: 
one-half and the reversal limit at one-quarter the 
ultimate strength of the metal, thus allowing dea: 
load stresses of 29% and maximum reversal stresses 
(those under most unfavorable conditions) of 7% of 
the ultimate strength of the metal; but in exceptiona! 
cases of the best steel (bar or wire) and the mos’ 
careful manufacture and inspection (admitted, how 
ever, only after careful tests) it may be allowable 
to reduce the coefficient of safety to 2.0, and to in- 
crease the reversal limit to % of the ultimate 
strength, thus allowing dead-load stresses of 50% and 
maximum reversal stresses (those under most unfavo: 
pe eee of 17% of the ultimate strength of 
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153. In the dimenstoning of piers or towers, the 
breadth of the pier at each of its horizontal sections 
must be sufficient to prevent the overturning of thr 
pier about either edge of such section, a coefticient of 
er of 2.0 being used in the computation of such 
stability, and the breadth must also be such that no 
tensional strains shall ever occur in any of the verti- 
cal or main posts of the pier. 
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Mrs. Allen, wife of Mr. Wm. A. Allen, Chief En- 
vineer of the Maine Central R. R., died at Portland, 
Me., Mareh 4. 

Mr. V. Spicer, Signal Engineer of the Union Switch 
& Signal Co., located at Chicago, IL, will assume the 


duties of Western Agent, vice Mr. H. H. MeDuffee, 
resigned. 
Mr. F. W. Mahl has been appointed Mechanical 


Engineer of the Southern Pacific Ry., under the direc- 
ion of the Superintendent of Motive Power, with of- 
tiees at Sacramento, Cal. 
Mr. Frederick KE. Sickels, inventor of 
steam cut-off, a steam steering apparatus, and other 


an automatic 


mechanical apparatus, died at Kansas City, Mo., 

March 8, at the age of 76. 

Mr. Arthur B. Gardner, an assistant engineer with 
Feb. 21, after 


Sooysmith & Co., died at Elmira, N. Y., 
a very brief illness. He was born in 1867, and gradu 
uted from the Rensselaer Poly technic Institute in 181. 


Mr. F. H. Peters has been appointed Chief Engineer, 


and Mr. J. H. Taylor, Superintendent, of the lines co: 
solidated under the name of the Galveston, La Porte 
& Houston R. R., with offices at Houston, Tex. 


Mr. W. H. Potter has been appointed Superintendent 
of a division of the Pennsylvania lines west of Pitts- 


burg, with offices at Toledo, O., succeeding the late 


J. S. Morris. He was formerly Engineer of Main- 
tenance of Way. 
Mr. A. A. Stewart, M. Am. Soc. C. E., has been 


appointed Chief Engineer to the Wilson & Baillie Mfg 
Co., of Brooklyn, N. Y.,’ and will have charge of 
technical matters relating to the heavy contract work 
of that company. 

Mr. 8S. R. Tuggle, 
of the Chesapeake, Ohio & Southwestern R. R., 
been appointed Superintendent of Motive Power 
Machinery of the Houston & Texas Central R. 
with office at Houston, Tex. 


Major-General Sir Henry C. Rawlinson, who did much 
military and exploration work in India and Persia, and 
deciphered the ancient cuneiform inscriptions found in 
Persia and Assyria, died March 5. He was many 
years President of the Royal Geological Society, and 
was a member of many archaeological and other scien- 
tifie institutions in Europe and America. 


Mr. Henry M. Howe, Past President of the Ameri- 
can Institute of Mining Engineers, has been awarded 
the Bessemer gold medal of the British Iron & Steel 
Institute in recognition of his work as an engineer and 
author on steel and the manufacture of steel. The 
five American engineers who have now received this 
medal are Mess:s. Peter Ccoper, A. L. Holley, Abram 
S. Hewitt, John Fritz, and H. M. Howe. 


Mr. Samuel Richards, one of the founders of Atlantic 
City, N. J., and for many years President of the Cam- 
den & Atlantic R. R., died in Philadelphia on Feb. 
21. Mr. Richards was born in Philadelphia Aug.'15, 
1818, and was the son of Thomas Richards, a mer- 
chant of Philadelphia, and of Ann Bartram, a grand- 
daughter of the celebrated botanist, John Bartram, of 
Bartram’s Gardens, Philadelphia. Mr. William Rich- 
ards, the grandfather of Samuel Richards, was a Revo- 
lutionary soldier and the owner of the noted Batsto 
Iron Works at Batsto, N. J., one of the earliest iron 
works established in America: Mr. Samuel Richards 
was the owner of the Jackson Glass Works and an 
active merchant of Philadelphia until 1852, when he 
conceived the idea of a railway across New Jersey 
from Philadelphia to the ocean. He interested some 
friends in his project, and the first survey was com- 
pleted by Richard B. Osborne, ©. E., on June 18, 1852, 
for what is now the Camden & Atlantic R. R. Through 
his influence mafnly a charter was obtained on March 
10, 1853, for the Camden & Atlantic Land Co., and 
Atlantic City was started and facilities instituted for 
establishing cheap excursions and other means of pro- 
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moting the interests of the railway and the land com- 
pany. Mr. Richards was president of the land com- 
pany from its formation; was chiefly instrumental in 
extending Atlantic City southward by the addition of 
“Ventnor,”’ and was interested building the Phila 
delphia & Atlantic R. R., now the Philadel 
phia & Reading system. 

Mr. Charles McFadden, 


in 
part of 
the well-known railway con- 
tractor, died at Philadelphia, Pa., last week. He was 
born at Liverpool, Pa., Dec. 13, 1830, and when 17 
years of age began work under his father, who was 
then a railway contractor. When in business for him- 
self his first contract was on the Littletown branch, 
now known as the Frederick Division of the Pennsyl- 
vania R. R. One of his most important works was the 
Musconetcong tunnel on the Easton & Amboy R. R. 
When the Pennsylvania R. R. was first started, Mr. Me 
Fadden assisted in building the system through West- 


moreland county, Pa., being at that time associated 


with Mr. Geo. B. Roberts, now President of the road, 
who was engaged as a civil engineer. When the sys 
tem was extended to Pittsburg, Mr. McFadden built 
a large portion of that division. He also buil ue 
Alexandria & Fredericksburg in Virginia; a large part 
of the Pittsburg & Connellsville, now known as 
the Pittsburg division of the Baltimore & Ohio; the 
South Penn, which was abandoned before it was com- 
pleted; the Philadelphia connection on the Pennsy! 
vania system, the Columbia & Port Deposit, the Per- 
kiomen, Cambria & Clearfield system, part of the 


the 
of 
Creek, 


Huntington & Broad Top, 
burg, the Erie branch 
Bradford Falls 
sections on the 
branches about 


Brandy wine 
the 


& Waynes 
Pennsylvania from 
to besides 

Schuylkill Valley and Phoenixville 
3U miles of the Poughkeepsie Bridge 
system east of the Hudson River and many of the im 
portant branches of the Philadelphia & Reading end 
Lehigh Valley systems, including a large portion of the 
latter’s extension from Geneva to Buffalo. 
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COMING TECHNICAL MEETINGS. 


ENGINEERS’ CLUB OF PHILADELPHIA. 

March 16. Secy., L. F. Rondinella, 1122 Girard St. 
ENGINEERS’ CLUB OF MINNEAPOLIS. 

March 18. Secy., E. Nexsen, Kasota Block. 
WESTERN RAILWAY CLUB. 

March 19. Secy., W. DL. Crosman, Club 
Pacific Hotel, Chicago. 
= a ENGINEE RING 
arch 19 Secy., W. F. Hart, Universit suik 
and H. Sts. N. W., Washington, © an 

ASSOCIATION OF ENGINEEKS OF VIRGINIA 
esuarch 2. Secy.. J. OH. spite her, Roanoke, Va. 
ENG cE kCHITECTS’ 4 ’ 
anes oe CALIFORNIA. a 
arch 20. Secy., F. Van Vieck, Los Angele Y 
BOSTON SOCIETY OF CIVIL ENGINEERS. oe 
March 20. Secy., S. E. Tinkbam, City Hall. 
Bromtield St. 
ENGINEERS’ CLUB OF ST. LOUIS. 
March 20. ‘European Engineering Schools,” 
Chaplin. Secy., W. H. Bryan, Turner Block. 
AMERICAN SOUIETY OF CIVIL ENGINEERS. 


Room 9, Grand 


SOCIETY. 
15th 


Or 


Rooms, 36 


by W. S. 


March 20. ‘*The Topographic Survey of the United Sts utes,” 
by H. uM. Wilson. Secy., C. W. Hunt, 127 E. 23d St.. 
New York. 


CANADIAN SOCIETY OF CIVIL ENGINEERS. 
Mare — Secy., C. H. McLeod, 12 Mansfield St. 
trea , 
= Re RAILROAD CLUB. 
arch ‘ Secy., Join A. Hill, 256 Broadway, N. Y. City. 
ENGINEERS’ | SOCIETY OF WESTERN PENNSYLV "ANIA. 
— aes Secy., D. Carhart, Carnegie Library Building, 
egheny. 

— ERS" CLUB OF CINCINNATI. 

arch 21. Secy., J. F. Wilson, Odd Fellows’ T 
*RANKLIN INSTITU TE, PHILADELP HIA. —— 
March 22. Telegraphy,"’ by 
Kennelly. Secy ;. H. Wahl. A 

INDIANAPULIS- ENGINEERING CLUB. 


Mon 


Prof. A. E 





Mareb 23. Secy., ©. C. Brown, City Engineer. 

WISCONSIN POLYTECHNIC SOCIETY. 

March 26. Secy., W. K. Means, Loan & Trust Build 
ing, Milwaukee. 

DENVER SOCIETY OF CIVIL ENGINEERS. 

March 26. Secy., H. Breen, 36 Jacobson Block. 

CENTRAL RAILWAY CLUB. 

March 27. Secy., H. D. Vought, Buffalo ‘‘Courier,"’ Buf- 


faio, N. Y¥. 
CIVIL "ENGINEERS’ SOCIETY OF ST. PAUL. 
April 1. Secy., ©. L. Annan, City Engineer's Office. 
ENGINEERING SOCIETY OF WESTERN NEW YORK. 
a. Seey., Geo. R. Sikes, 122 Pearl St., Buffalo, 


WESTERN SOCIETY OF ENGINEERS. 
— 3. Secy., Chas. J. Roney, 1736 Monadnock Block, 
Chicago. 

TECHNICAL SOCIETY OF THE PACIFIC COAST. 


April 5. Secy., O. H. Van Geldern, 519 Market St., San 
Francisco. 

ENGINEERS’ CLUB OF KANSAS CITY. 

April 8. Secy., F. W. Tuttle, Baird Building. 

NORTHWESTERN SOCIETY OF ENGINEERS. 

April 9% Secy., D. W.  MeMorris, Burke Building, 
Seattle, Wash. 

CIVIL ENGINEERS’ CLUB OF CLEVELAND. 

April 9. Seey., F. C. Osborn, Case Library “Building. 

NORTHWESTERN “RAILWAY CLUB. 

Apr. 9. Secy D. Crosman, Ryan Hotel, St. Paul. 

NEW ENGLAND “RAILROAD CLUB. 

April 10. F. M. Curtis, P. 0. Box 1576, Boston, 


Mass 
ENGINEERS AND ARCHITECTS’ CLUB OF LOUISVILLE. 
April 11. Secy., Jas. K. Zollinger, Norton Building. 
ENGINEERING ASSOCIATION OF THE SOUTH. 
April 11. Secy., H. D. Ruhm, Nashville, Tenn. 
MONTANA SOCIETY OF CIVIL ENGINEERS. 
April 13. Secy., 
Mont. 
SOUTHERN AND SOUTHWESTERN RAILWAY CLUB 
April 18. Atlanta, Ga., Secy., F. A. Charpiot, Macon, Ga. 


NORTH WESTERN ‘AND BRIDGE ASSOCIATION. 


June 14. Secy., D Meeker, St. Paul, Minn. 


Forrest J. Smith, Denver Block, Helena, 
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PNGINEERS' CLUB OF PHILADELPHIA.—At 
the meeting on March 2 the promotion of rapid transit 
in Philadelphia was the subject of a topical discussion 
opened by Mr. Wm. Wharton, Jr. A number of mem- 


bers took part in the discussion, though little more 
was accomplished than to point out the difficulties 
presented by the large area and rectilinear street ar 
rangement of the city. 


ASSOCIATION OF ENGINEPRS OF VIRGINIA 
At the meeting on Feb. 20 the subject for discussion 
was “Photography as an Aid to Engineering,’ opened 
by Mr. G. R. Henderson, who called attention tg the 
various ways in which photography has been used in 
the different branches of engineering. At the next 
meeting, on March 20, a discussion on “The Manu 
facture of Cement from Furnace Slag’’ will be opened 
by Mr. Herman Creuger. John A. Pilcher, Secy. 

INDIANAPOLIS ENGINEERING CLUB.—At the 
meeting on March 9, Mr. C. E. Hildebrand read a 
paper on “Steel Construction in Architecture,” in 


whieh he deesribed themost approved methods of con 


structing the steel frames of modern office buildings 
the floor systems and partitions. The next meeting 
will be held March 23, when Mr. E. Hill will read a 


paper describing some special construction in the sewer 
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CIVIL ENGINEDRS’ SOCIETY OF ST. PAUL. At 
the regular meeting on March 4 a committee on stand 
ard wire gages was appointed, and the question of the 
various U. S. surveys was referred to the committee 
on the Minnesota state survey. Mr. Truesdell read a 
paper entitled “The First Engineer,’ in which he 
stated that in his opinion the title belonged to Hero 
(200 B. C.), who was the first to formulate and prac 


tically apply the and mechanies, 
and who also invented methods of land surveying and 
leveling, and perfected many engines of war 
works. Mr. 


principles of geometry 


and other 


Crosby described the solution of some of 
the problems involved in the construction of the 40- 
ton crane for the Mare Island navy yard. 
C. L. Annan, Secy. 


NEW PUBLICATIONS. 


MARCH MAGAZINES.—* 





Seribner’s’’ this month con 


tains the first installment of “A History of the Last 
Quarter Century in the United States,’ by E. B 
Andrews, of Brown University. Under the head of 


tailways”’ ‘two maps are given showing the railways 
of the United States in 1870 and in 1894, and a photo- 
graph of the scene at Promontory Point, Utah, 
the last spike of the Union Pacific was driven on May 
10, 1869 In “Harper’s’’ Julian Ralph resumes 
notes of travel with account of a trip 
Northern Alabama, Tennessee and Georgia,the 
iron region. Reviewing the 
ern furnaces, Mr. Ralph 
“there is no decent profit 
price than $10 a ton."’ fact however, that 
under the stress of the Southern furnaces 
most advantageously located have proved their ability 
to make iron and sell it for very much less than $10 
a ton, and still keep their heads above water. Mr. 
Ralph's review of his journey would have of 
greater interest had he visited more of the “boom” 
towns, which were attracting confiding investors a 
half a dozen years ago, but which are now practically 
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deserted. His account of Southern industries is com 
piled too largely from the “Manufacturers’ Record” 
and “The Tradesman" to be taken as an entirely 


conservative and unbiased report. 

In “The Century’’ Mr. T. C. Martin, of the “Flectri- 
cal Engineer,’ has a sketch of the late Hermann von 
Helmholtz. Another article in this issue worth a pass 
ing notice here is a paper entitled “Blackmall as a 
Heritage, or New York's Legacy from Colonial Days.”’ 
The author examines the theory that municipal cor- 
ruption in Gotham is to be ascribed to the customs of 
colonial days, when a goodly proportion of the resi- 
dents on Manhattan Island made a living by privateer 
ing, smuggling and other picthresque occupations. 

The “Review of Reviews’ this month has portraits 
of the retiring president and the recently elected presi- 
dent of the American Society of Civil Engineers, Col.** 
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Craighill and Mr. Geo. L. Morison, and of Col. Geo. E. 
Waring, Jr. There is also an excellent illustrated ar- 
ticle on the electric street railways of Budapest. A 
very pertinent editorial note draws the contrast be- 
tween the splendid triumphs of architecture in the 
short-lived structures of the Columbian Exhibition and 
the monstrosities of government and municipal archi- 
tecture In this country, the most colossal example of 
gilded ugliness in the latter category being Philadel- 
phia’s great city hall, of which an engraving is pre- 
sented. 

Ip the “Popular Science Monthly’? the processes of 
copper and steel engraving are described by C. W. 
Dickinson, Jr. It is interesting to note that there 
are only three or four first-class operators of the geo- 
metric lathe in the world, and they are all Americans. 
Dr. Bela Hubbard writes on ‘*The Lesson of the Forest 
Fires," and there is an illustrated account of Well- 
ner’s wheel-salil flying machine. 

In the “North American Review" Stockton Bates 
tells how he would prevent strikes and lockouts. 
Briefly stated, his remedy is to increase the strength 
of labor organizations until they shall comprise the 
whole number of workers for wages. At the same 
time, he would “sweep from the constitution and by- 
laws of labor unions every vestige of restriction and 
brute force,’ and would 
now spent in strikes in co-operative production, by ac- 
quiring an interest in railway, mining and manufactur- 
ing companies. 

In the “Forum”™ Prof. F. W. 
the successful experience with 
Proctor & Gamble Co. at Ivorydale, near Cincinnati, 
and by the N. O. Nelson Mfg. Co., of St. Louis. Dr. 
b&b, G, Northrop has an interesting paper on “Village 
Improvement Societies, and Mr. Jacob A. Riis dis- 
cusses with much force the recent report of the New 
York City Tenement House Commission. 
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CONSTRUCTION NEWS. 


CONDENSED LIST OF CONTRACTS 
WITH DATE OF OPENING 
Bids to be See Eng. 
opened, Work. Place. News. 
Mar. 15.Sewers (7 miles), Bristol, Conn 14 
Advertised, Eng. News, Feb. 14 to Feb. 28. 
Mar, 15.Water-works system, Port Hope, Ont...Feb. 14 
Mar. 15.Pipe sewers, Hamilton, ‘eb. 21 
Mar, 15.Pipe sewers, Richmond, asereseccs eB OD. 25 
Mar. 15. Brick walks, etc., Richmond, Ind . 28 
Mar. -Bridge, biack River Falls, Wis..... 7 
Mar. 15. Bridge, Melrose, Wis................. 
Mar. SNE, PPO: Bion 0 aes bs 6s05 cee 
Mur. 16. Water-works system, Evanston, O 
Mar. 16.Stone chapel, Lancaster, 
Mar. 16.Granite blocks, Louisville, Ky 
Mar. 16. Klectric motors, Cleveland, O.........) 
Mar. 16.Jetty work, Portland, Ore.............Ms 
Mar. 16.Sewers, Pittsburg, Pa................ 
Mar. 16.Paving, ete., Pittsburg, Pa........... 
Mar. 16.Street signs, Pittsburg, Pa............Mar. 
Mar. 16.Sewer brick, Boston, Mass............Mar. 
Mar. 16. Steel rails (10,000 tors), San Francisco..Mar. 
Mar. 18.Steel bridge, Atlanta, Ga.............-. Feb. 
Advertised, Eng. News. Feb. 14 to 28. 
Mar. 18.Pumping engines, Sacramento, Cal....Feb. : 
Mar. 18.Water bonds, Caldwell, Idaho.........Feb. 
Mar. 18.Electric light bonds, Caldwell, Idaho...Feb. 2: 
Mar. 18. Brick pav'g (3,600 sq. yds.), Atlanta..Mar. 7 
Mar. 18.Cast iron pipe, Cambridge, Mass... ...Mar. 
Mar. 18.Pile bridges, Seward, Neb............Mar. 
Mar. 18.Bridge, Columbus, Tex................Mar. 
Mar. 18. Building, Atlanta, Ga.................. Mar. 
Mar. 18.Water-wks. system, Sparta, Wis....... Mar. 
Mar. 18.Asphalt paving, St. Paul. Minn........Mar 
Mar. 18.Hose wagons, ete., Cincinnati, O......Mar 
Mar. 18.Water tower, Toronto, Ont.. 
Mar. 18.Stop-cocks, Boston, Mass............. 
Mar. 18.Water bonds, Brockville, Ont..... 
Mar. 19.Drains, Mount Morris, Mich 
Mar. 19.Iron fence, etc., Riverside, O.......... 
Mar. 19.Electric lighting. Whitewater. 
Mar. 19.Qounty bridges, Muscatine, Ia.......... 
Mar. 19.Sewer, Tallahassee, Fla.............+.. 
Mar. 19. Water-works, Muscatine, Ia............ 
Mar. 19.Water-works system, Cuthbert, Ga.....F 
Advertised, Eng. News, Mar. 7. 
Mar. 19.Supplies for navy y'd at Norfolk, Va..Mé 
Mar. 19.Supplies for navy yd, Was’gton, D. C..Mar 
Mar. 19. Supplies for navy y'd at Brooklyn... .} 
Mar. 19. Water-works system, Cadiz, O.........Mar 
Mar. 19.Steel liberty pole, Buffalo, N. Y...... 
Mar, 19. Pipe sewers (7,840 ft.), Hamilton, O...M: 
Mar. 19.Fire engines, hose, etc., Baltimore... .Mar. 
Mar. 19. Artificial stone sidew’k, Fern Bank,O.. Mar. 
Mar. 19. Improving building. Albany, N. Y......Mar. 
Mar. 19.Granite curbing, Holyoke, Mass.......Mar. 
Mar. 10. Pipe sewers (7,465 ft.), Providence. ... 
Mar. 19. Dlectrie light bds, Grand Rapids, Mich. M: 
Mar, 20.Water bonds, Port Hope. Ont 
Mar. 20. Bridge bonds, New Westminster, B. C...F 
Mar. 20.Subway, Boston, Mass................ 
Advertised in Eng. News, Feb. 21 to Mar, 7. 
Mar. 20.Power house, etc., Toledo, 
Mar. 20.Dredging & rem'g rock, Newport, R. I.F 
Advertised, Eng. News, Feb. 21 to Mar. 14. 
Mar. 20.Paving (10 streets), Cleveland 
Mar. 20.Building at Atlanta, Ga...............Mé 
Mar. 20.Sewers, Cleveland, O.................Mi 
Mar. 20.Gravel, ete... New York, N. Y.........Ms 
Mar. 20.City hall, Lansing, Mich..............Ms 
Mar. 20.Pipe sewers, Petersburg, Va..........M: 
Mar. 20.Sewers, New -York, N. Y..............Ms 
Mar. 20.Grading, etc., Cleveland, O........... 
Mar. 20.Sewers (15 contracts), Louisville, Ky... 
Mar. 20.Grading (900,000 cu. yds.),St. Louis... .. 
Advertised, Eng. News, Mar. 7 and 14. 
Mar. 21.Gravel roads, Anderson, Ind 
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Mar. 21.Electric lighting, Meridian, Miss eb 
Advertised, En ews, Feb. 14 to Mar. 14. 
Mar. 21.Jail, Lawrenceville, Lil M 
Mar. 21.Pipe sewers (9,000 ft.), Westport, Mo.. 
Advertised, Eng. News, Mar. 7. 
Mar. 21.Light stations, Detroit, 
Mar. 21. Bridge piers, Providence, R. L........ 
Mar. 21.Carbons, Jacksonville, Fla.............3 
Mar. 22.Public building at Sioux City, Ia... 
Mar, 23.Dredging, Montgomery, Ala 
Advertised Eng. News, Feb. 21 to Mar. 14. 
Mar. 22.Electrical supplies, Baltimore, Md.....Mar. 
Mar. 22.Telford paving, Newark, N. J Mar. 
Mar. 22. Electrical materials, Philadelphia, Pa. .Mar. 
Advertised, Eng. News, Mar. 14 and 21. 
Mar. 23.Cement, Montgomery, Ala 
Advertised, Eng. News, Feb. 21 to Mar. 14. 
Mar. 23.Canal (64% miles) Ottawa, Ont......... 
Mar. 23.Sewer bonds ($50,000), Cleveland, O.... 
Mar. 23. Brick prying. Cincinnati, O 
Mar. 23. Office building, Pittsburg, Pa.......... 
Mar. 23.Paving (11,400 sq. yds.), Marion, O.... 
Mar. 23.Masonry abutments, Denver, 
Mar. 23.Removal of wreck, Philadelphia...... 
Mar. 23.Brick paving, Indianapolis, Ind...... 
Mar. 25.Water bonds, Evanston, O.......... 
Mar. 25.Water bonds, Winton Place, O......... 
Mar. 25.Dam, etc., Cambridge, Mass........... 
Advertised Eng. News, Feb. 28 and Mar. 7. 
Mar. 25.Water bonds, Evanton, O 
Mar. 25.Street improvements, Streator, IIL.... 
Mar. 25.Pipe sewers (88,881 ft.), Pl’nfield, N. J.. 
Advertised, Eng. News, Mar. 7. 
Mar. 25.Water bonds, Hanover, Kan........... 
Mar. 25. Water-works system, Hanover, Kan... Mi: 
Mar. 25.Bridge, Yonkers, N. Y 
Mar. 25.Lighting, Helena, seaetat 
Mar. 25.Water supply, Jersey City, N. J....... 
Mar. 25.Brick paving, Zanesville, O 
Mar. 25.Asphalt paving, Jersey City, N. J.... 
Mar. 26.Street impvt. bonds, Pleasant Ridge, O.. 
Mar. 26.Dredging plants, Pittsburg, P: F 
Mar. 26.Steel bridge, Denver, Colo....... 
Advertised, Eng. News, Mar. 7. 
Mar. 26.Supplies for navy y’d, Mare Isl., Cal...M: 
Mar. 26.Macadamizing, Glencoe, Ill 
Advertised Eng.~-News, Mar. 14. 
Mar. 27.Plans for school bldg., Milwaukee, Wis. 
Mar. 27.Smokestack, etc., Toledo, O 
Mar. 27.Bridge, Toledo, O * 
Mar. 27.Stone paving. Cleveland, O. ..... she 
Mar. 27.Dam, etc., Woonsocket, R. I.......... 
Advertised, Eng. News, Mar. 7 to 21. 
Mar. 27.Approach to pub. bidg., Lowell, Mass. 
Mar. 28.Channel work, New Orleans, La....... 
Mar. 28.Court house bonds, Troy, N. Y........ 
Mar. 29. Bridge bonds, Sonneeees Man.... 
Mar. 29.Elevators for pub. bldg., New York.... 
Mar. 29.Curbing, ete., Richmond, Ind 
Mar. 29.Pipe sewers (3 miles), Roselle, N. J.. 
Advertised, Eng. News, Mar. 14 and 21. 
Mar. 30. Water-works system, Pawling. N. Y....Feb. 
Advertised, Eng. News, Feb. 28 to Mar. 21. 
Mar. 30.Pipe sewers (14,772 ft.), ee 
Mar. 30. Wharfwork at Blackbeard Island, Ga...Mar. 
Mar. 30. Building shops, Pittsburg, Mar. 
Mar. 30.Sidewalks, Houston, Tex 
Mar. 30.Sewer, Sandusky, 
Apr. 1.Brick paving (20,000 yds.), Newark, O.. 
Apr. 1.Sewer, Keokuk, Ia F 
Advertised Eng. News, Feb. 28 and Mar. 7. 
Apr. 1.Water bonds, Bancroft, Ia.............Feb. 
Apr. 1.Tunnel sewer, Keokuk, Ia Feb. 
Advertised Eng. News, Feb. 28 and Mar. 7. 
1.License to cut timber, Toronto, Ont...Mar. 
.Granite block pav'g, Cincinnati, O....Mar. 
. Water-wks. supplies, Oil City, Pa.....Mar. 
Apr. 1.Revetment work, Duluth, Minn 
Apr. 1.Steel forgings, Washington, 
Apr. 1.Barracks, Omaha, Neb 
Apr. 1.Main sewer, Jefferson City, Mo....... Mar. 
Advertised, Eng. News, Mar. 14. 
Apr. 2.Dredging. Boston, Mass................Feb. 
Advertised Eng. News, Feb. 28 to Mar. 21. 
2. Brick paving, Waukegan, Il 
Advertised, Eng. News., Mar. 14 and 21. 
Apr. 4.Water bonds, Norwood, O............Mar. 
Apr. 4.B’kwater w’k, ete., G’nd Rapids. Mich.Mar. 
Apr. 4.Constructing bldg, Plattsburg, N. Y...Mar. 
Apr. 4.Brick paving, Peoria, Ill............+. Mar. 
Advertised, Eng. News, Mar. 14. 
Apr. 4.Water-works system, Celina, O....... Mar. 
Apr. 5.Dredging. Wilmington, Del........... Mar. 
Advertised, Eng. News, Mar. 14 to Apr. 4. 
5. Electric light plant at Milwaukee, Wis..Feb. 
5.Heat’g & vent’g app’t’s, St Louis......Mar. 
8. Bridge bonds ($200.000). Portland, Ore. Mar. 
Apr. 8.Jail, Williamson, W. Va Mar. 
Apr. 8.Sewers (27 miles), Champaign, Il....Mar. 
Advertised, Eng News, Mar. 7 to Apr. 5. 
Apr. 9.Water-wks. system, Seneca, Kan... .Mar. 
Advertised, Eng. News. Mar. 7. 
Apr. 10. Buildings at Fort Mever, Va 
Apr. 15.Sewer bonds, South Orange, 
May 15.Plans. ete.. for bridge. Montreal 
Advertised. Eng. News, Jan. 24 and 31. 
May 20.Water bonds, Santa Clara, Cal........ Mar. 
Advertised, Eng. News, Mar. 7 to 28. 
May 23.Water-wks. system, Santa Clara. Cal..Mar. 
Advertised. Eng. News, Mar. 7 to 28. 
No date. Railway (300 miles), Palestine, Tex... .Mar. 
Advertised, Eng. News, Mar. 14. 
- Dynamo, Water Valley. Miss.......... Mar. 
S Pipe, hydrants ,ete., Norman, Okla...Mar. 


RAILWAYS. 


East of Chicago. 

CARTHAGE & ADIRONDACK.—W. J. Spencer, of 
Watertown, N. Y., is reported to have been awarded 
the contract for the construction of a branch of this 
road from Benson Mines to Newton Falls, 31% miles. 
This railway is operated as a part of the Rome, Water- 
town & Ogdensburg division of the New York Central 
system. 

CHICAGO & WREST MICHIGAN.—Grand Rapids, 
Mich.. papers state that this company has decided to 
abandon its old road to Lake Harbor and will spend 
$12,000 in building a new line behind the bluffs where 
the storms cannot wreck the system every few weeks. 

EASTERN CENTRAL.—Efforts are being made to 
secure the early construction of this railway. Two 
years ago the line was surveyed by R. H. Lee, Ch. 
Ener., Loudonville, O., from Yellow Creek, O., to 
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Galion, O., 140 miles, and steps were being ; 
continue the line from Galion to Lafayette. | 
miles. Pres., Dan Babst, Jr., Crestline, 0.: vy; 
Martin Deal, Bucyrus, O. is 


FARMINGTON, WATERVILLE & WISU\< 
H. B. Goodenough, of Brighton, Mass.; V. &. \ 
Boston; N. B. Beal, of Phillips, Me.; W. F. | 
of Waterville, Me.; P. H. Stubbs, of Strong. \| 
others have petitioned for a charter for this «4, 
which proposes to build a steam or electric 
from Waterville, Me., through the towns of ( 
Belgrade, Smithfield, Rome, Mercer, and New < 
to Farmington; preliminary surveys to be m 
Dec. 31, 1895, and the road completed by |) 
1806; capital stock, $100,000, 7 

FLINT & PERE MARQUETTE.—Press repor 
that the contract for the building of the ex 
of this railway from a point south of Cark 
Toledo has been let to Detroit parties, and 
will be begun as soon as the weather w 
mit. Over $100,000 has been expended for th, 
of way. The route will be used by the Penns) 
and other eastern lines to gain an entrance to |), 
An official of the company states that this r 
incorrect, and that nothing has been done fi) 
time in regard to this pappeees extension. Ch. | 
W. B. Sears, Saginaw, Mich. 

LANCASTER, OXFORD & SOUTHERN.—\ 
Franklin, Pres., Lancaster, Pa., writes us that 
hewspaper reports in regard to proposed exten 
are premature, and that there is no prospect 
early extension of this road. 

McFADEN COAL CO.—This company is abou: 
develop a large coal field in Jefferson county, 0 
will soon construct a railway 3% miles in length { 
the mines to the Pittsburg, Cincinnati, Chicago & 
Louis road near Miller station. Engr., S. A. Tay 
Wilkinsburg, Pa. ; 


NORWALK & NORTHFIELD.—Press reports f 
Norwalk, O., state that the long-talked-of intery! 
railway between Norwalk and Northfield, 10) miics 
will soon be built by ex-Mayor S. E. Crawford ayid 
other Norwalk and Fairfield capitalists. The roid wi); 
be standard gage, and will be operated by the Hi. k 
Porter noiseless steam motors. The projectors as 
$5,000 as a donation for preparing roidbed. The roid 
will be in operation by July 4, 1895. 

PENNSYLVANIA.—Wm. H. Brown, Ch. Eng 
writes us that there will be no extensions of this rai: 
way this summer untii the times are better. 


SHERMAN & PATTEN.—A. A. Burleigh, Pres 
Bangor & Aroostook, Houlton, Me., is reported 
organizing a company to build a railway from so 
- nt on the Bangor & Aroostook to Patten, Me., and ir 
8 thought that the road will be built early this sum- 
mer, 


SOUTHBRIDGE, STURBRIDGE & BROOK 
FIELD.--L. M. Thacher, Cy. Engr., Northampton 
Mass., is relocating about seven miles of this railway, 
which is projected from Southbridge to Brookfield 
Mass., a distance of 13 miles. Bids for building the 
entire road were received by Frederick D. Fish, Pres 
87 Milk St., Boston, March 9, 1894, but no contracts 
were awarded. 


TOLEDO & OHIO CENTRAL.—This company i: 
reported to have negotiated an issue of $2,000,000 in 
bonds, including $400,000 for Columbus terminais and 
extensions. 


TORONTO, HAMILTON & BUFFALO.—Tracklay 
ing on this railway has been completed between 
Brantford and Hamilton, Ont., and this portion of the 
line will be opened for traffic in a few days. 


Southern. 


ATLANTIC COAST aig een are reported 
as being made for a branch about six miles long i: 
North Carolina, to connect the Charleston, Sumter & 
Northern division with tbe main line. 


BRISTOL, ELIZABETH & NORTH CAROLINA 
Judge Hugh Kyle has ordered the sale of this railway 
— has been in the hands of receivers for som: 
months. 


CHESAPRAKE. SHENDUN & WESTERN.—E. © 
Macken, Pres. Old Dominion Construction Co., 1 Broad 
way, New York, has paid the charter fee of $200 for 
the charter granted to this company by the Virginix 
general assembly at its last session; incorporators, Jed 
Hotchkiss, H. M. Bell. M. Erskine Miller and J. \ 
Stubbs; capital stock, $10,000,000. The proposed rout: 
of the road is from some point between the Potomac 
and the York rivers to the West Virginia line. 


CUYLER & WOvUDRBURY.—This railway was com 
pleted in Georgia last week, according to reports. I! 
is 14 miles in length, and has been built chiefly b) 
J. N. Wood, of Greig, Jones & Wood, Savannah, ani 
of Wood & Co., Pinora, Ga. 

KNOXVILLE JUNCTION TERMINAL & BELT 
Col. Albert E. Boone. of Zanesville, O., appeared be 
fore the Knoxville, Tenn., chamber of commerce las! 
week in the interest of this projected railway and 4 
double-track line from Jellico to Port Royal, 8S. ©. 

LEXINGTON TERMINAL.—It is reported that this 
railway, at Lexington, Ga., will soon be extended to 
Smithsonia, a distance of about 13 miles. 

NASHVILLE. TENN.—The council is considering the 
question of building a standard gage railway to the 
new water-works pumping station, at an esiimate! 
eost of $10,000 to $20,000. 

SOUTHPORT & CONWAY.—E. B. Stevens, of South 
port, N. C., is reported as interested in a compan) 
that has petitioned for a charter to build a railway 
from Southport to Conway, N. C. 


Northwest. 


CHICAGO & NORTHWESTERN.—A press repor' 
from Deadwood, S. Dak., states that this company 
has a large force of men surveying the country north 
west of Belle Fourche, and it is probable that it wil! 
extend its road into Montana and the cattle country 
this summer. 


TERRE HAUTE, SAYLOR SPRINGS & MOUN' 
VERNON.—Press reports from Terre Haute, Ind.. 
state that W. L. Elseper, an expert railway engineer. 
started from that city March 7 for Mount Vernon, Ill.. 
over the proposed route of this railway. He goes as 
the representative of English nitalists, from whom 
a loan of $2,000,000 has beer solicited. 
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Southwest. 


INK LINE.—Press reports state that the follow- 
contracts were awarded March 6: Lilinois Stee] 
(... 150 miles of rails; Pittsburg Locomotive Works. 
womotives, 2 to be delivered immediately; Madi- 
(UL) Car Works, 100 freight cars; J. A. Ware, of 
« Louis, and J. 8S. McNamara, of San Antonio, con- 
ts for grading 130 miles; Hopkins Construction 
of St. Louis, 11 steel bridges; W. C. Carlton, of 
(.rgetown, Tex., (or W. E. Carroll, of Dallas, accord- 
to another report), wooden bridges and piling. 
ITTLB ROCK & PACIFIC.—The contract for the 
+ 20 miles of this railway has been awarded to 
M. Quigley & Co., as noted last week. It is now 
ted that the entire 230 miles will be put under con- 
t within 30 days. Pres., W. M. Fishback, Little 
Heck, Ark. 

MISSOURI, KANSAS & TEXAS.—Work was com- 
iced March 7 clearing off the site for a new $30,000 
ion at Sedalia, Mo. It is stated that the yards 
be enlarged and additional coal chutes erected. 

ST. LOUIS & KANSAS CITY.—Incorporated in Mis- 

iri March 4 to build a railway from Green Ridge to 
Kansas City, 115 miles; capital stock, $1,150,000; in- 

rporators, R. M. Maguire, J. H. Hill, J. M. Bryson, 
+. A. Leland and Jas. Hagerman, all of St. Louis. 
ress reports state that this road will be part of the 
Missouri, Kansas & Texas system. It will not be 
built at present to Kansas City, but only from Green 
Ridge to Holden, From Holden to Paola the M., K. & 
(. has a line of its own, now leased to the Missouri 
Pacifie, and from Paola it runs into Kansas City over 
the Kansas City, Fort Scott & Memphis tracks, operat- 
ing its own trains, however, and having all the rights 
of a proprietary road. The completion of the road 
will give the M., K. & T. a line from St. Louis to Kan- 
aus City. 

SAN ANTONIO & BROWNSVILLE.—The incorpora- 

m of this company was noted in our issue of Feb. 
14. It is reported that an active canvass for subscrip- 
tions is being made at San Antonio, Tex., and that 
surveys for the proposed road will be commenced April 
15. J. S. Doak and J. M. Puett, of San Antonio, are 
interested. 

SAN ANTONIO & GULF.—A press report from San 
Antonio, Tex., March 4, states that a large force of 
men were on that day put to work constructing the San 
Antonio & Gulf Shore Ry. About 25 miles of this 
line was completed a few months ago, and is now in 
operation, but trouble between the two factions striv- 
ing for the management of the property caused an in- 
terruption of the work. Henry Terrell was appointed 
receiver of the road a few weeks ago, but he has not 
yet taken charge of the property, as there is an ap- 
peal pending in the court of civil appeals. The con- 
tract has been lect for the building of the entire line, 
from its presynt terminus to Velasco. Pres., W. Davis, 
San Antonio, Tex. 

WACO, PALESTINE & ALEXANDRIA.--W. B. 
Johnson, Palestine, Tex., wants to correspond wt 
railway contractors who can build 100 to “00 miles of 
railway, as stated in onr advertising columns. In a 
letter from Mr. Johnson, published Nov. 22, 1894, he 
stated that it was thought that the entire road coud 


be built from Waco, Tex., to Alexandria, La., 300 
miles, for about $9,000 a mile. 

Rocky Mt. and Pacific. 
GREAT FALLS & CANADA.—It is reported that 


work will be commenced about May 1 on a branch of 
this railway from Collins, Mont., to the Curton Colony. 
Pres., E. Galt; Supt., W. D. Barclay, both of 
Great Falls, Mont. 

GREAT SALT LAKE & HOT SPRINGS.—The con- 
tract for grading the five-mile extension from Center- 
ville to Farmington has been awarded to Saunders & 
Heiss. It is expected to have the line completed next 
month. Ch. Engr., H. 8. Joseph, Salt Lake City, Utah. 


SAN FRANCISCO & SAN JOAQUIN VALLEY.— 
Bids are asked until March 16 for 10,000 tons of steel 
rails; the first lot of 2,000 tons must be shipped within 
30 days of the date of acceptance of the bid. It is 
estimated that 10,000 tons of rails will lay 100 miles 
of track, and that about 33,000 tons of rails will be 
required to build the line as contemplated. Claus 
Spreckles is interested. 

SANTA OLARA VALLEY RY. & NAVIGATION 
00O.—Incorporated in California March 6 to build a 
standard gage railway 77 miles in length, and to oper- 
ate railways and steamship lines between Alvis and 
San Francisco; capital stock, $1,540,000, commencing 
with $77,770; incorporators, Geo. F. Smith, Lewis A. 
Sage, W. P. Hurley, W. O. Watson and V. Koch, all 
of Santa Clara county, Cal.; principal place of busi- 
ness, San Jose, Cal. 

UTAH & PACIFIC.—Incorporated in Iowa Feb. 20 
by S. M. Casey and Geo. Stewart, representing 
parties who will build a standard gage railway from 
Marysvale, Piute county, Utah, the terminus of a pro- 
posed Rio Grande Western extension, to San Bernar- 
dino county, Cal., to a connection with the Atlantic 
& Pacific; capital stock, $5,000,000. 


STREET AND ELECTRIC RAILWAYS. 


PORTLAND, ME.—The Portland R. R. Co. has 
awarded contracts for equipping about 12 miles of 
its road with electricity, work on which will probably 
begin April 1. The er house will be at Deering 
Bridge, and will contain two engines of 800 HP. each. 
Supt., E. A. Newman. 

BENNINGTON, VT.—The Bennington & Woodford 
Electric R. R. Co. p ses to begin the construction 
of its road between this village and Camp Comfort, 
a distance of four miles, in about a month. The road, 
which will follow the old roadbed of the abandoned 
Bennington & Glastonbury R. R., will be operated 
only in summer. The company has purchased four 
cars and two dynamos. The wer will probably be 
furnished by the Bennington Electric Light Co. Pres., 
C. W. Crispill, Nyack, N. Y.; Vice-Pres. and Gen. 
Man., H. . Martin; Secy., C. H. Mason. 


BRATTLEBORQ, VT.—The state railroad commis- 
sioners have granted the Brattleboro St. Ry. Oo. right 
of way in this city for its electric road. 


ARLINGTON, MASS.—The construction of an elec- 
trie railway to connect this ence with Winchester, a 
distance of six miles, is again being discussed. It is 
estimated that the equipment will cost about $40,000, 
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and the construction about $10,000, a mile. A. B. 
Coffin, D. N. Skillings and J. H. Wiun have becn ap 
pointed as a committee to secure information. 

BEVERLY, MASS.—The Beverly, Essex & Glon- 
cester St. Ry. Co. has petitioned for a franchise for 
its electric road. W. B. Ferguson, of Malden, is in- 
terested. 

DARTMOUTH, MASS.—The Dartmouth & Westport 
St. Ry. Co. has been authorized to increase its capital 
stock $50,000 and issue $00,000 in bonds for construct- 
ing and equipping its road with electricity. 

DIGHTON, MASS.—The Taunton, Somerset & Swau 
sea St. Ry. Co. has been granted a franchise in this 
place and Somerset. 

FITCHBURG, MASS.--The Fitchburg & Leominster 
St. Ry. Co. has been granted a franchise for its elec 
tric road from North Leominster to Lunenburg. 

STOUGHTON, MASS.—The Stoughton & Canton St. 
Ry. Co. has been incorporated to complete the link be 


tween the Brockton line at Stoughton and the new 
line from Canton and Sharon; incorporators, Henry 
W. Britton, E. C. Monk, H. L. Johnson and Geo. E 


Belcher. 


WEYMOUTH, MASS.—The Weymouth & Braintree 
St. Ry. Co. has accepted the location granted it by 
the selectmen for the extension of its electric road 


The capital stock will be increased to $160,000 for th 
extension and for building a $25,000 power house. 


AUBURN, N. Y.—The Auburn Cy. Ry. Co. is cou 


sidering the question of extending its electric road to 
Geneva, SkKaneateles and Syracuse. Pres Cc. D 
Beebe. Thos. Craig, Pres. Seneca Falls & Waterlov 


Ry., is interested. 

BATH-ON-HUDSON, N. Y.—The trustees are consi! 
ering the question of granting a franchise for an ee 
tric railway to Castleton and a branch to Greenbush, 

BUFFALO, N. Y.—The Hamburg Electric Ry. Co 


has been incorporated to build a railway between this 
city and Hamburg, a distance of about aine miles 
rhe road is estimated to cost $100,000, Among Lhos» 


interested are William Elwood, John O'Brian, S. H 
Knoopmans, L. L. Long, James E. Certixs. RR. L 


tanta, of Buffalo, and Thomas L. Buxuting, George M 
Pierce, Jacob Peffer, H. S. Spencer, of Hamburg 
COHOBS, N. Y.—The Coboes City Ry. Co. has 

awarded the contract for rails for the extension of 


its electric railway. All material for the conctruct 

of the road will be purchased by the compan), but 
the building of the roadbed will be done by contract 
It is reported that when this extension is completed 
Wm. H. Gwynne, of the Cataract House, propeses to 


build a line down along the river. 
HERKIMER, N. Y.—The reconstruction of the Her 
kimer, Mohawk, Ilion & Frankfort Electric Ry. and 


the extension of the road from Frankfort to Utica 
will begin as soon as the weather permits. 

MOUNT VERNON, N. Y.—The North Mount Ver- 
non Ry. Co. is about to extend its road from this place 
to New Rochelle and White Plains, and from New 
Rochelle to Tuckahoe. 

SCHENECTADY, N. Y. 
that the Schenectady St. Ry. 


A correspondent writes us 
Co. is about to recon- 


struct about 4,800 ft. of its road on State St. Gen. 
Man., H. 8S. Cooper. 
WHITE PLAINS, N. Y.—Press reports state that 


the New York, Elmsford & White Plains Ry. Co. has 
accepted the franchise granted by the trustees to 
operate an electric road through the village. The com- 
pany already has a franchise from Greenburg to build 
from Elmsford, on the New York & Putnam R. R., 
to the village line. The road will eventuaMy connect 
the Hudson River, Putnam, Harlem and New Haven 
railroads, besides connecting with the extensions of 
the Yonkers and Huckleberry electric roads, as well 
as the roads recently organized to operate along the 
Sound. 

HADDONFIELD, N. J.—The West Jersey Traction 
Co. has been granted a 25-year franchise for its elec- 
tric road on all the streets of this place. 

JERSEY CITY, N. J.—The International Terminal 
Ry. Co. has been incorporated to build a street raii- 
way from Walker Ave., Jersey City to Oyster Island, 
on New York Bay; capital stock, $1,500,000; Incorpora- 
tors, Dan’l S. Appleton, of New York; Solon Hum- 
phreys, of Bergen Point, N. J.; D. Pritchard, of East 
Orange, N. J., and Geo. W. Murray, of Montclair. 

LONG BRANCH, N. J.—The Sea Shore Electric Ry. 
Co. has petitioned for a franchise for its road from 
Asbury Park to Long Branch. 

ALTOONA, PA.—The City Passenger Ry. Co. has 
been granted permission to extend its electric road, 
work on which will soon begin. Supt., C. L. West. 

HAZELTON, PA.—-Press reports state that as a re- 
sult of the competition between the electric roads and 
the Lehigh Valley R. R. Co. between here and Free- 
land the latter has decided to take off some of its 


trains. The electric railway people are now prepar- 
ing to extend their tracks to Stockton and Beaver 
Meadow. 


PHILADBLPHIA, PA.—The Philadelphia & Paoli 
Ry. Co. has been incorporated, with a capital stock of 
$500,000, by John H. Wanner, 4,049 Powelton Ave. 

PITDSBURG, PA.—Press reports state that an elec- 
tric railway scheme is being considered to connect 
Greensburg, West Newton, McKeesport and Pittsburg. 
The promoters of the enterprise are ex-Judge Sadler 
and Millard F. Thomas, of Carlisle. It is quietly 
hinted, however, that the Widener-Elkins syndicate, 
which controls the Philadelphia and Pittsburg traction 


roads, is back of the movement. The electric line 
from Greensburg to Hempfield has been bought for 
$50,000. It is two miles in length, and will be ex- 


tended to West Newton and thence to McKeesport. 
At McKeesport it will use the tracks of the McKees- 
ort, Duquesne & Wilmerding through that city to 

Juquesne and Homestead. From Homestead it will 
enter this cit by way of the new bridge at Brown's 
Station and the Homestead & Highlands Co.'s tracks. 
A ee of $500,000 on the road has been filed in 
favor of the Union Trust Co. Bonds to that amount 
will be issued for the building of the road, and It Is 
to be completed by July 1. 

WILMINGTON, DEL.—The Newcastle & Wilmington 
Electric Ry. Co. bas been granted authority to extend 
its road to the mouth of the Chrintiana River end to 
Farnhurst. A bridge will be built over the railway 
at Newcastle. 
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ANNAPOLIS, MD.—The Baltimore, 
Annapolis Electric Ry. & Tramway Co. has 
corporated; capital stock, $100,000; Incorporators, Henry 


Westport « 


been in 


Y. Bready, A. CC. F. Boehme, Jr., and ©. Parke 
Baker, of Baltimore 
BALTIMORE, MI.-A proposi 1 has been made t 





the Baltimore & Jerusalem Turnpike Co. by an eleetri 
railway company for extending its line on the Belatr 
Road from the city limits for a distance of four miles 

RICHMOND, VA.--W. F. Jenkins has petitioned for 
a franchise for a conduit electric railway, recently in 


vented by him 


CHARLESTON, W. VA 


The Charleston St. Ry. Co 


has been incorporated to build an electric railway to 
West Charleston, a distance of about five miles. Work 
will begin about April 1. 


NEW ORLEANS, LA.—E. M 


Hudson has petitioned 


for a franchise for an electric railway on about 6 
miles of streets in this city W. H. Watkins has 
been granted a franchise for an electric railway on 
several streets. 

NASHVILLE, TENN.—The Belmont St. Ry. Co., re 
cently incorporated, has petitioned for a franchise 


BIRMINGHAM, O.—The Milan 


Birmingham & Ely 


ria Eleetric Ry. Co. has been incorporated to build a 
road between Milan, Birmingham, Elyria, Florene: 
and Henriett with branches to North Amherst, Obe 


R, 
ihnMseton 











in, W ind Huron; capital stoek, S100,000 
corporators, Geo. W. Clary, G. P. Baker, H. P. Stare 
H. 1. Olds, John R. Ca and F. Burk 
CINCINNATI, O.-W. E. Hutton & Co. have bid 
S30,000 cash and 5 of th gross earnings for a 2 
year franchise over the i low oO pied by the 
racks of the Mount Au ob Inclined Plane Ry. (%<¢ 

The Consolidated St ‘ has applied f p 

wission to extend its electric road f Anderson 
Ferry through Delhi, Hofme City and Addy i res 
Jobn Kilgour 

COLUMBUS, ©O.--The Crossto wn SS Ky ‘ 1s 
been granted permission to extend its electric road 
Gen. Man,., W. F. Kelley 

DAYTON, O.— The City Ry. ¢ as petitioned f 
permission to extend its road. Supt A. W. Anders 

IRONTON, ©O.--Tie Lronton Blectric Ry Light «& 
Power Co. was incorporated in New Jers March 7; 


capital stock, $300,000, with $1,000 paid in; lacorpora 






tors, Lucius ©. Ryce, of Plainfield, N. J.; Ge L, 
Shearer, T. C. Press, of New York 

LIMA, O.—Dress reporis state that a scheme headed 
by Chicago capitalists is to build an electric road from 
this city to Bellefontaine, a distance of about 100 
miles. The road could follow the right of way secured 


several years ago for the Columbus, Lima & Milwaukee 











R. R. All the grading and building of culverts have 
been done, and it would require but iittle repairing to 
make the bed ready The road near Bellefontaine 
passes through a hilly section of country, but the open 
ing has been cut through the rock and an elect line 
could be easily constructed The gradin vr the 
Columbus road is also completed between this city 
and Defiance. Bridges and culverts have been in for 
several years, but the completion of the road has been 





delayed, and it is expected, should the Bellefontaine 
road be built, that it will be extended to Detiance 
and then in the other direction to Columbus 

YOUNGSTOWN, 0O.—An election will be held da 
April to vote on a proposition to issue $20,000 in bonds 
to aid in the construction of an electric railway from 
this city to Cantield, a distance of 10 miles. 

DETROIT, MICH.--The Detroit Ry. Co. has been 
granted a franchise by the township board of Spring 
wells. 

CHICAGO, ILL.—A correspondent informs us that 
the contract for the pedestals, estimated to cost about 
$450,000, for the Northwestern Elevated R. R. wil! 


probably be awarded in a few days. and the contract 
for the track and stations later The Union Bridge 
Co. and the Elmira Bridge Co. were awarded the cou 


tract for about 30,000 tons of structural steel, as noted 
in our issue of Feb. 21. Consult. Engr., J. A. L. Wad 
dell, Keith & Perry Bidg., Kansas City, Mo. It is 
reported that the power house of the Chicago & North 
Shore Electric Ry. Co. at Edgewater was destroyed by 
fire March 4, together with most of the cars and the 
dynamos; loss, $150,000. 


MURPHYSBORO, ILL. 








The Murphysboro St. Ry 


Co. has been incorporated, with a capital stock of 
$11,000; incorporators, Thos. M. Logan, A. B. Winton 
and S. W. Ward. 

_ SAVANNA, ILL.—The City St. Ry. ©o. has been 
incorporated, with a capital stock of $25,000; ineor 


porators, W. W. Cargill, James B. Canterbury and 
Edwin B. Magill. 
VENICE, ILL.—Press reports state that the village 


board has granted Frank McCambridge, of Venice, 
and (. H. Sharman, of the Madison Ferry Co., a 20- 
year franchise to build an electric railway within the 
limits of the village and on Madison Ave., in Madison, 
to the southern limits of Granite City. The work Is 
to commence within 60 days, and the road to be fin 


ished within six months after the acceptance of the 
franchise. 
WAUKESHA, WIS.—Bids were received on March 


7 for constructing a stone power house for the Beach 
Electric Ry. Co., which is to be completed by April 
2. Engr., W. Powrie. 

ST. LOUIS, MO.—The St. Louis County St. Ry. Co. 
has increased its capital stock from $20,000 to $50,000. 
Secy.. J. B. Greensfelder, of Central, Mo.—~—The South- 
ern Electric Ry. Co. has been granted permission by 
the county court at Clayton to extend its road from 
River des Peres to Jefferson Barracks, work on which 
will commence in a few days. Gen. Man., Jos. 8. 
Minary.——The Lindell Ry. Co. has petitioned for per- 
mission to extend its Chouteau Ave. line from Forest 
Park to the city limits. Gen. Man., Geo. W. Baumhoff. 

DENVER, COLO.—The plant of the Denver Consoli- 
dated Tramway Co., recently destroyed by an ex- 
plosion of the boilers, will be rebnilt and enlarged at 
once, plans and specifications for which are being pre- 
pared. Constr. Engr., John A. Beeler, 84 Railroad 
Bldg. 

ONTARIO, CAL.—It is reported that an electric rail 
Way company has heen incorporated, with a capital 
stock of $100,000. F. B. Stamm, of Ontario; ©. W. 
Foote, of Pomona, and Jobn Jenkins, of Chicaga IL. 
are interested, 
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ELECTRIC LIGHT AND POWER. 


LOWELL, MASS.—E. Garfield Baker is considering 
a scheme for putting in an electric light plant at 
Hunt's Falls, at an estimated cost of $10,000 

ALBANY, N. Y¥.—The governor has signea the bill 
appropriating $16,000 for electric lighting, ventilsting 
and for making other improvements at the armory. 

ALLEGHENY, PA.—Westirgtouse, Church, Kerr & 
Co. have been awarded a contract by the board of 
public works for one 250 and four 10-HP. engines 
for the new electric Hight plant, at $10,250. 

PHILADELPHIA, PA.—Bids are asked until March 
22 for materials for an electric light plari at Fort 
Delaware, as stated in our advertising columns. Sec- 
mynd Lieut. Spencer Cosby, U. 8. HKngr. Office. 

BALTIMORE, MD.—Bids are asked until March 22 
for 2,500 4-Ib. sand-mold circular shape zines of Star 
Lehigh spelter, 1,500 battery coppers, Bishop's com- 
pound wire No. 14; 50 barrels bluestone, 200 cells Le- 
clanche Gonda battery, complete; 500 battery jars, 250 
telegraph poles, 500 4-pin cross arms, complete; 100 
6-pin cross arms, complete; 50 T arms, 50 backboards, 
44 mile Grimshaw wire, 100 Ibs. office wire, 15 miles 
No. 12 copper wire, 2 miles of No, 10 K. K. copper 
line wire, 1,000 glass insulators, 200 McIntyre sleeves 
for No. 12 wire for the use of the police and fire 
alarm telegraph. J. A. Preston, Bd. Fire Comrs. 


BALTIMORE, MD.—Press reports state that the 
Susquehanna River Blectric Co., recently incorporated, 
has purchased the plant of the Susquehanna Water 
Power & Paper Co., near Conowingo. The plant car- 
ries with it about 1% miles of water front on both 
sides of the river, between Conowingo and Octarora 
creeks. With this purchase the electric company now 
controls about 64% miles of water front on the Susque- 
hanna River, having a fall of 100 ft., and affording ex- 
cellent power to generate electricity. The buildings 
of the Water Power & Paper Co. will be converted 
into an electric plant at onee. All the present ma- 
chinery will be taken out and the interior remodeled 
into a power house. The promoters of the electric 
company say they expect to have their plant in opera- 
tion within a year. 

LYNCHBURG, VA.—The council has voted to issue 
$60,000 in bonds for the erection of an electric light 
plant. Consult. Engr., David Evans, of Baltimore. 

RICHMOND, VA.--The council is considering a reso- 
lution for constructing a municipal electric Hight plant, 
estimated to cost $150,000, 

ATLANTA, GA.—The Atlanta Electric Power Co. 
has been organized, with a capital stock of $100,000 all 
paid in, with power to increase it to $2,000,000, to de- 
velop 14,500 HP. at a point on the Chattahoochee 
River seven miles from the city and 15,000 HP. at a 





point 13% miles from the city. A dam 550 ft. In 
length will be built at the nearest of these places. The 
dam will be constructed of massive timber work, 


bedded in concrete, The power house will be of heavy 


masonry work, and its foundation extend above the 
highest water level, surmounted by a steel frame 
structure 325 ft. long, 50) ft. wide, and 42 ft. high, 


This power house will accom- 
modate 14 generating units. Each operating unit will 
consist of a double horizontal turbine wheel of 1,000 
HP., connected direct to a 1,000 HP. electric generator. 
Jonathan H, Vail, 39 Cortlandt St., New York, has 
prepared the plans and is at the head of the company. 
The others interested are: E. A. Thornton, James D. 
Collins, and John A. Grant, of Atlanta; James Swann 
and Hugh R. Gardner, of New York, and Richard N. 
King, of Dayton, O. 

JACKSONVILLE, FLA.—Bids are asked until March 
21 for furnishing 50,000 Yin. copper-coated carbons 
W. C. West, Reedr. 

TAMPA, FLA.—The council is considering an ordi- 
nance for the construction of an electric lignt plant. 

WATER VALLEY, MISS.—Bids are asked fer a 
1,200 to 1,500-ilght dynamo for the electric light plant, 
aceording to reports. G. D. Able, Mayor. 

JACKSON, TENN.—The council has voted to con- 
struct an electric light plant in connection with the 
water-works. 

MOUNT STERLING, KY.—The council has awarded 
the contract for the construction of an electric light 
plant to John T. Martin, of Xenia, O., who has pur- 
ehased the old plant and the gas plant, and will at 
onee construct a new electric light plant in connec- 
tion with the new water-works, for which he has the 
contract. 

VERSAILLES, KY.—The council has voted to hold 
an election to vote on the question of issuing $4,000 In 
bonds for building an electric light plant. 

LONDON, 0.—A proposition to issue $25,000 in bonds 
for an electric light plant will be voted upon at the 
coming election. 

CARBON, IND.—The council has accepted the propo- 
sition of Fox Bros. to put in an electric light plant to 
cost between $4,000 and $5,000, 

VINCENNBS, IND.—The Vincennes Electric Light 
& Power Co. has increased its capital stock from 
$20,000 to $40,000, 

CHESANING, MICH.—C. D. Chase, of Detroit, has 
been awarded the contract for an electric light plant. 

FLUSHING, MICH.--It is reported that the citizens 
will vote on the question of putting in an electric 
light plant March 25. 

GRAND RAPIDS, MICH.--Bids are asked until 
March 19 for the purchase of $150,000 in bonds for 
an electric light plant. W. A. Shinkman, Cy. Clk. 

PORT HURON, MICH.—The council will submit to 
the voters at the coming election the question of issu- 
ing $30,000 in bonds for constructing an electric light 
plant. This proposition was defeated at an election 
in November. 

UNION CITY, MICH.—It is reported that Rheubot- 
tom & Bond have been awarded a contract for con- 
structing an electric light plant. 

ROSSVILLE, ILUL.~-Frank L. 
granted a franchise for an electric 
for a street railway. 

GALESVILLE, WIS.—D. M. Benton & Co. have pur- 
chased a tract of land, on which will be erected an 
electric light plant, work on which will soon begin. 

MINNEAPOLIS. MINN.—Press reports state that 
Thomas Lowry, Pres. Twin City Rapid Transit Co., 


under the roof truss, 


been 
plant, and 


Stewart has 
light 


and Charlies A. Pillsbury, as officers, in conjunction 
with a number of Eastern capitalists, are considering 
a scheme to utilize the water power a short distance 
below St. Anthoay Falls, to operate large power plants 

INDEPENDENCE, 1A.—The citizens voted March 4 
= the question of issuing bonds for an electric light 
pliant. 


HELBPNA, MONT.—Bids are asked until March 25 
for lighting the public buildings of the city for one to 
tive years. Stephen Carpenter, Cy. Clk 

SACRAMENTO, CAL.—The Sacramento  Eleciric 
Light & Power Co. received bids on March 10 for con- 
structing a superstructure for the plant at Folsom. 
Gen. Supt., T. A. W. Shock; Ch. Engr., H. T. Knight, 
Folsom. 

STIRLING, ONT.—A company is being organized t» 
put in an electric light plant and water-works. 

TORONTO, ONT.—The aldermen are considering au 
ordinance for issuing $277,000 to $310,000 in bonds for 
an electric light plant. 

PORTAGE LA PRAIRIE, MAN.—The citizens are 
considering a proposition for damming the Assinniboine 
River near this place to develop a water power of 
1,200 to 1,500 HP., at an estimated cost of $32,000. 
Smith Curtiss, and Geo. H. Webster, Ch. Engr. Mana- 
toba & North Western Ry., are interested. 

NEW COMPANIBS.—Merchants’ Blectric Light Co., 
East Liverpool, O.; $20,000, 

Chicago Sidewalk Light Co., Chicago, Ill; $5,000; to 
manufacture sidewalk lights; James Magnusen, Mar- 
tin Magnusen. 

Union Illuminating Co., Seattle, Wash.; $100,000; 1. 
J. Coleman, Wm. F. Wickman, A. L. Hawley, C. A. 
Killbourne, P. P. Shaw. ss 

Canajoharie Electric Light & Power Co., Canajo- 
harie, N. Y.; $25,000; W. J. Arkell, Barttlet, Canajo- 
harie: Austin L. McCrae, Gouverneur. 

Citizens’ Light, Heat & Power Co., Shenandoah, Pa.; 
$10,000, with $1,000 paid in; Treas., Joseph IF’. Lamo- 
relle, 506 North 18th St., Philadelphia. 

Oxley & Enos Mfg. Co., New York, N. Y.; to mana 
facture electric light fixtures, ete.; $1,500; Edward A. 
Stevenson, Brooklyn; Franklyn Paddock, New York. 


BREDGES. 


BANGOR, ME.—The Bangor Bridge Co. is reported 
as intending to construct an iron bridge across the 
river. 

BELFAST, ME.—The Berlin Lron Bridge Co. has pre- 
pared plans for a proposed bridge across Belfast Har- 
bor at the foot of Main St. Local papers state that 
the plans call for cast iron piling, a 200-ft. sec- 
tion at the west end, a draw of 147 ft., and a 740-ft. 
section at the east end. 

HOLYOKE, MASS.—The city engineer writes us that 
the contract for the bridge on Cabot St. has been 
awarded to Bosworth & Co., of Holyoke, at $22,240. 
The bridge will have three spans and be built of brick 
and stone. 

PROVIDENCE, R. I.—-Bids are asked until March 21 
for removing the old bridges and constructing new 
stone and Cushing piers at the site of the Washington 
Row bridge over the Providence River. Robt. E. 
Smith, Comr. Pub. Wks. 

BROOKLYN, N. Y.--The mayor has directed the 
corporation council to draft a bill authorizing the 
cities of Brooklyn and New York to construct a bridge 
over the East River at the place mentioned in the 
charter of the East River Bridge Co., of which Frea- 
erick Uhlman is president. The bridge would be built 
from the foot of Broadway, in the Eastern District, 
Brooklyn, to Grand St., New York. 

ITHACA, N. Y.—At a special election March 9 the 
citizens voted in favor of building a_ bridge connect- 
ing East Hill with South Hill. James W. Reed, Engr., 
writes us that it will probably be necessary to secure 
special legislation before issuing the bonds, but that 
it is expected to build the bridge this summer. 

ROCHESTER, N. Y.—The state senate has passed a 
bill appropriating »,000 for a bridge over the Erie 
Canal at Exchange se The state engineer has sub- 
mitted plans for a $75,000 bridge to replace the present 
structure at West Ave. 

TROY, N. Y.—It is reportéd probable that a_new 
bridge will be erected over the railway tracks at John- 
ston Ave. 

PATERSON, N. J.—The house has passed a Dill au- 
thorizing this city to issue $59,000 in bonds for a bridge 
across the Passaic River. 

TRENTON, N. J.—The Pennsylvania R. R. Co. has 
offered to contribute $5,000 to the city or county 
toward the erection of an overhead bridge or a tunne} 
at Hermitage Ave. 

PHILADELPHIA, PA.—Wiliam H. Brown Ch. Engr. 
Pennsylvania R. R. Co., writes us that bids for the 
superstructure of the Delaware River bridge were to 
be opened March 13. 

PITTSBURG, PA.—Local papers state that a new 
bridge will be erected over the Allegheny River in 
place of the Sharpsburg and Lawrenceville bridge. 
Geo. A. Chanfant is interested. 

WILLIAMSPORT, MD.—O. M. Williams, Mayor, is 
reported as receiving bids and specifications for the 
proposed bridge across the Potomac River, noted in our 
issue of last week. 

RICHMOND, VA.—It is stated that a large bridge 
will be built in this city by a street railway company, 
in which W. F. Jenkins is interested. 

JACKSONVILLE, FLA.—Efforts are being made to 
secure a bridge at the South Side. Geo. S. Ferry is in- 
terested. 

NASHVILLE, TENN.—J. A. Jowett, Cy.Engr., writes 
us that the board of public works is holding over the 
bids for the College st. bridge, reeently advertised in 
Engineering News, g certain proposals made by 
the company that has the contract for constructing the 
Lick branch sewer. 

CINCINNATI, O.—The city engineer is reported as 
making the following statement in regard to bridge 
work contemplated in this city: There will be quite a 
little. There is the Fern St. bridge for which the 
city will probably be ready for the advertising early in 
the summer. The Bold Face viaduct can be advertised 
at onee, if no new trial is granted. The Kenton St. 
viadnet is ready for business, and condemnation pro- 
ceedings is the next step to be taken. The Spring 
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Grove Ave. bridge over Mill Creek will be buil; . 
the latter part of the summer. The Liberty st 
over the canal has been contracted for, and \ 
up ina month. The Fern St. bridge involves » 
mated expenditure of $20,000; Spring Grove 
bridge, $40,000; Bold Face viaduct, $60,000; Ky 
St. viaduct, $40,000, and the Liberty St. bridge, s~ 

ADRIAN, MICH.—Residents of Ward 1 have 
tioned for a bridge from the foot of Tecums 
across the railway track to Treat St. 

BAY CITY, MICH.—The officers of the Unio. 
Railway Co. met in Saginaw March 2 and decir, 
secure plans for an iron and steel structure fo 
building the Bristol St. bridge. 

BUCHANAN, MICH.—A press report states {| 
aw bridge wit —y' ¥ rt urea the St. Jon 

era ace, the bridge to be 400 ft. in i 
and cost $14,000. ae | 

HILLSBORO, ILL.—The city council receiyed 
bids for the construction of four steel bridges. pu: 
jected them all. 


IRVING, WIS.—The Wisconsin Central Ry. (>. js 
ported about to build a new bridge across the Chip 
wa River at this place. : 


BURLINGTON, IA.—The Burlington & Mississi 
River Bridge Co. has submitted a proposition to + 
couneil to construct the proposed new bridge across 
Mississippi River at this place, provided the city \ 
levy a tax of 3% upon the taxable property of the ci 
payable in three years, 1% each year. Pres., Wm. J1 
Fitch; Secy., Geo. O. Ray. 7 

ST. PAUL, MINN.—The contract for the subsitructu;. 
of the proposed Como Ave. bridge over the Gre: 
Northern Ry. tracks has been awarded to Chas. Stor 
at $11,612, 

PLATTSMOUTH, NEB.—The contract for construe: 
ing county bridges in 1895 has been awarded to J. kt 
Sheeley, of Lincoln, at $3.14 per lin. ft. The contra: 
last year was at the rate of $3.80 per ft. 

KANSAS CITY, MO.—Efforts are being made to se 
cure the construction of a viaduct estimated to eos: 
$100,000 to connect the Southwest bluff with the Bo: 
— John Donnelly, ex-Cy. Engr., has submitted 
a plan. 

GEORGETOWN, TEX.—The contract for eonstry 
ing 11 steel bridges on the Trinity, Cameron & Wes 
ern R. R. has been awarded to the Hopkins Constr 
tion Co., of St. Louis. Press reports state that thes: 
bridges are to be constructed according to Theodor 
Cooper specifications, class A, and that these are th, 
— railway bridges in the state built on these speciti 
cations. 


DENVER, COLO.—Bids are asked until March 23 fo 
the construction of masonry abutments for the Broad 
way bridge. Ch. Engr., E. P. Martin, Arthur © 
Harris, Pres. Bd. Pub. Wks. 

PORTLAND, ORE.—Bids are asked until April 8 for 
the purchase of $200,000 of 30-year 5% bridge bonds 
J. V. Beach, Clk. Bridge Com. 


BUILDINGS. 

PITTSFIELD, MASS.—The council is reported about 
to be petitioned by the school committee for an appro 
priation of $100,000 for the construction of two school 
buildings. 

PROVIDENCE, R. I.—The city treasurer has been 
authorized to issue $400,000 in bonds for the construc 
tion of new school buildings. 

NEW LONDON, CONN.—The Norwich & New York 
Transportation Co. is about to construct a new iron 
station, surveys for which have been made, according 
to reports. 

ALBANY, N. Y.—Bids are asked until Mareh 19 for 
improving the buildings of the water department head 
fe at Quackenbush and Montgomery Sts. Arch., 

idward Ogden & Son, 64 State St.; Geo. I. Bailey, 
Supt. 

BUFFALO, N. Y.—Three new apartment houses are 
processes in the residence part of the city. TT. H. 
verin has prepared plans for a 4-story brick struc- 
ture, to be built for George Brownell and others, at 
the southeast corner of Georgia and Chippewa streets, 
to cost about $50,000. Rung Bros. have prepared 
plans for a 6-story brick structure, to be built on 
Glenwood Ave., at Cold Spring, for themselves. It 
will cost about $30,000. James R. Kimball has pre- 
ared plans for a 4-story brick structure costing 
20,000, to be erected for Oscar L. Harries, on the 
south side of Bryant St., 200 ft. west of Ashland 
Ave. 

BUFFALO, N. Y¥.—The following bids were received 
March 8 for the mason, stone and brick work on the 
new addition to the Brie county penitentiary, the bid- 
ders being all Buffalo men: William Schumacher, 
$9,755; C. A. Ruff, $10,777; Schmidt Bros., $12,130; 
Charles Berrick & Sons, $9,889; W. M. Savage, $13, 
400; Roberts, Lake & Linkerman, $19,477; Geo. W 
Patridge, $11,131; Henry Schafer & Sons, $9,920; 
F. T. Reynolds, $10.500; Collingwood & Donaldson, 
$7,397; Geo. E. Frank & Bros., $10,382; B. I. Crooker, 
$13.152; Geo. W. Carter & Sons, $11,400; Watson «& 
McGinnis, $8,200..—On cut stone there were sepa 
rate bids as follows: R. & H. Fogelsonger, $1,499: 
Collingwood & Donaldson, $1,948: W. L. Savage & 
Co., $2,000: Queen City Cut Sto» Co., $1,534; A. P-. 
Kerr, $2,175; Brady & Malby, $2 °24.——-August Esen- 
wein_has completed plans for th» buildings for the 
new Birge wallpaper plant. There will be three main 
buildings covering nearly three acres of ground, and 
separate engine and boiler houses. The buildings are 
to be but two stories high and of mill construction. 
They will cost about $50,000. 


NEW YORK, N. Y.—Plans have been filed as fol- 
lows: John J. Belden, of Syracuse, 10-story brick hotel, 
on 42d St. and Madison Ave., to cost $1,000,000; 
Boehm & Coon. 33 W. 89th St., 9-story brick store, to 
cost $390.000; Reformed Protestant Dutch Church, 11- 
story brick office building, at 37 and 39 Maiden Lane, 
to cost $150,000. 

PLATTSBURG, N. Y.—Bids are asked until April 4 
for the construction of hospital, building for fire ap- 
paratus and changing old barracks into quarters for 
hand and non-commissioned officers, also plumbing. 
heating and gas-piping, at Plattsburg Barracks. Capt. 


Geo. E. Pond, A. Q. M., U. 8. A. 


TROY, N.. ¥.—Bids are xsked until March 28 an pe 


purehase of $120,000 of 3%% court house bonds. 
H. Morrison, Treas. Rensselaer Coynty. 
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PATERSON, N. J.—The Passaic -county board of 
-eeholders is considering the construction of a new 
surt house. 

PITTSBURG, PA.—Bids are asked by the Westing- 
vuse Machine Co. until March 30 for the erection of 
ew shops. 

WASHINGTON, D. C.—Bids are asked until Apri! 
» for constructing an administration building and 
ther buildings at Fort Meyer, Va. C. R. Barnett, 
repot Q. M. 

NORFOLK, VA.—J. P. Andre Mottu & Co., Tranby 
<t., are prepared to receive plans for a five-story brick 
iotel, estimated to cost $150,000. 


WILLIAMSON, W. VA.—Bids are asked until April 


< for the construction of the Mingo county jail. L. F. 
jyrake, County Olk. 
WILMINGTON, N. C.—Press reports state that the 


ompany owning the Union Cotton Mills, of Union, 8.C., 
vill soon begin the erection of another mill of about 
» 000 spindles and 300 looms capacity. The undertaking 
tase at Raleigh, N. C., to build a fourth cotton 
factory has been practically abandoned, for the pres- 
ent at least, as the encouragement expected has not 
been extended. The gingham mills at Charlotte, 
N. C., known as the Highland Park Mfg. Co., which 
recently announced the intention of making its own 
varns, will begin the erection of an addition to cost 
$100,000, and will put in machinery for spinning yarns. 

CLEVELAND, O.—A committee is taking steps to 
secure an architect for the new chamber of commerce 
building. 

DETROIT, MICH.—The board of supervisors has de- 
cided to again submit the proposition to issue $1,500,- 
000 in bonds for a new county building to the voters 
at the spring election. 

DETROIT, MICH.—Bids are asked until 
for the construction of light stations for 
Channel, St. Mary’s River, Mich. Maj. M. 
U. S. Engr. Office. 

LANSING, MICH.—Bids are asked until March 
for the construction of the proposed $100,000 city hall. 
E. O. Sellers, Supt. Pub. Wks. 

RICHMOND, IND.—A correspondent writes us that 
the Nicholson Mfg. Co. will soon construct a large 
building for its printing and book binding establish- 
ment, and that John M. Gaar will build a large apart- 
ment house. 

BETHALTO, ILL.—It is reported that the Kaufman 
mill and a large elevator adjoining were destroyed by 
fire March 2; loss, $200,000. 

ST. PAUL, MINN.—The state capitol commissioners 
will readvertise for plans for the new structure as 
soon as the bill has been signed by the governor, ac- 
cording to reports. 

OMAHA, NEB.—Bids are asked until April 1 for 
constructing a barrack wing, a building for officers’ 
quarters, ete. Maj. Chas. F. Humphrey, U. 8. A. 

KANSAS CITY, MO.—Plans have been submitted to 
the board of education for the new two-story library 
building, estimated to cost $200,000. The building will 
be of stone, 253 ~ 139 ft., and 45 ft. high. Arch., Wm. 
F. Hackney; Consult. Arch., Adriance Van Brunt. 

WATER-WORKS. 

AUBURN, ME.—F. E. Bisbee, Supt., writes us that 
$6,000 will be spent this summer in extensions. the 
money having been already appropriated for the work. 

NASHUA, N. H.—The Pennichuck Water Co. is re- 
ported about to lay a new main in Main St., at a 
cost of $15,000, and to make other improvements. 

BURLINGTON, VT.\—The water commissioner has 
been authorized to purchase $3,000 worth of pipe. 

BOSTON, MASS.—Bids are asked by the water 
board until March 18 for eight 36-in., four 30-in. and 
seven 20-in. stop-cocks. 

HINGHAM, MASS.—A committee of five has been 
appointed to consider the question of buying the works 
or constructing a new system. Charles W. Marsh is 
town clerk. 

HYDE PARK, MASS.—The special committee has 
recommended that a town meeting be held to take 
steps to purchase the works. 

MALDEN, MASS.—John N. Jordan, Supt., writes us 
that the city will probably lay 10,000 ft. of extensions 
and will need 18 Sodrants, 40 gates and 500 meters. 
George A. Wetherbee, Cy. Engr. 

NBW BEDFORD, MASS.—The water board is ne- 
gotiating for the location of a new reservoir in the 
town of Dartmouth. 

RPADING, MASS.-—-The town has voted to authorize 
the water commissioners to carry out the recommenda- 
tion of the state board of health in regard to filtering 
and purifying the water. It is stated that $12,00 
will be spent, including $6,000 for a filter. 

SPRINGFIELD, MASS.—J. C. Hancock, Supt., writes 
us that the only work to be done this summer will be 
the laying of 3% or 4 miles of distribution pipe. 

WALPOLE, MASS.—George P. Morey, Town Cik.. 
writes us that nothing will be done in regard to the 
proposed works until the ground is settled in the 
spring; no engineer yet employed; population, 2,700. 

WALTHAM, MASS.—The aldermen are considering 
an appropriation of $10,000 for extensions of the works. 

WAREHAM, MASS.—J. K. Nye, E. D. Eldredge and 
H. H. Hathaway have petitioned for a charter for the 
Wareham Water Co.; capital stock, $50,000. 

SEYMOUR, MASS.—The citizens are reported much 
in favor of granting a franchise to the water company 
noted last week. C. French is interested. 

NPW HAVEN, CONN.—The New Haven Water Co. 
has contracted with ere R. Worthington for a 10,- 
000,000-gallon horizontal high-luty pumping engine, 
and is making extensive improvements in its plant. 

ALBANY, N. Y.—The council has voted to issue 
$140,000 in bonds, as follows: For the construction of 
foundation for second pump, $15,000; to erect second 
pump, $12,000; to close contracts with KE. P. Allis Co. 
for pumps, $48,000; placing of new boilers, $10,000; 
changes to boiler and engine room, $4,500; roposed 
new water mains and appurtenances, obo: con- 
tingencies, $5,500; for the construction of foundation 
for third pump and for erection of building for same, 
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Hay Lake 
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BROCTON, N. Y.—The question of constructing a 


ENGINEERING NEWS. 


gravity system of works, estimated to cost about 
$20,000, is again being agitated. 
CANANDAIGUA, N. Y¥.—We are informed that the 


contract for the complete construction of works has 
been awarded to Wm. T. O'Connor & Co., of Syracuse. 
at $124,738, who have purchased materials as follows 
Ludiow Valve Mfg Co., hydrants. valves and boxes 
85.000; Gould Mfg. Co., of Seneca Falls, pumps, boilers 
and engines, $9,125; Buffalo Cast Iron Pipe Co., pipe 
and specials, $49,000; General B Co., electric 
plant, $8,650. The contract for boxes has been 
sub-let to the Robinson Chilled Co., of Canan 
daigua. 

CLYDE, N. Y.—The village trustees have contracted 
with the Clyde Water Supnly Co. for a supply for tive 
years, at $2,000 a year. It is stated that the company 
will be required to furnish 18 additional hydrants, and 
put in a new pump and a new filter. 

CORNING, N. Y.-H. C. Heermans, Cy. Engr., 





Plow 


writes 


us that the proposition to ssue $70,000 in bonds for 
the proposed extensions and improvements was de 
feated March 5. 

FLUSHING, N. Y.—The water committee has been 


directed to secure plans and a site for a stand-pipe; 
trustees will consider the question at the regular April 
meeting. 

LANCASTER, N. Y.—The water-works question was 
defeated March 2 by 22 votes. but it is stated that the 
question will doubtless be voted upon again soon 

MIDDLEVILLE, N. Y.—A public meeting was held 
last week to consider the question of works. 

ONEIDA, N. Y.—It is stated that the question of pur 
chasing the works will be voted upon at a charter 
election April 2. O. S. Smith, Clk. Bd. 

RAVENA, N. Y.—A franchise has been granted John 
A. Longyear, C. E., E. B. Walker, J. A. Gaul, and 
others, of Kingston, N. Y., to put in works in this 
village and Coeymans, and we are informed that sur 
veys will be commenced as soon as the weather per- 
mits. Water supply will be by gravity from a creek, 
with storage dams. 

SCHENECTADY, N. Y.—Our correspondent. writes 
us that the bill providing for an issue of $215,000 in 
bonds for a new water supply system has been twice 
approved by the common council, as required by the 


new constitution, and now awaits its final passage by 
the legislature, which will probably soon occur. 
TUCKAHOR, N. Y.—A correspondent writes us as 


follows: A water company was recently organized, 
principally by resident owners of property, for the pur 
pose of supplying the village with water and a fire 
protection through 50 hydrants, with pumping station, 
stand-pipe, ete. Petition was presented to the town 
board Feb. 5, at a regular meeting (Tuckahoe being 
unincorporated) and a committee was appointed with 
puvpose of investigation of the rights and power of 
the board in the premises. Meetings of the board were 
held on each succeeding Tuesday, and on March 5 
committee held meeting behind locked doors, prepared 
resolution authorizing contract to be made with the 
Westchester Water-Works Co., which resolution was 
railroaded through at once upon the organization of 
the board a few minutes after the close of the com 
mittee meeting, without any consideration of the claims 
of the local company, or its petition, signed by a ma- 
jority of the property owners of the proposed district, 
asking that contract be made with the local company 
The contract authorized with the Westchester company 
provides hydrant rental at $40 each for as many hy 
drants as may be permitted with a tax of 3 mills per 
dollar of assessed valuation. This being now about 


$160,000, will permit but 12 hydrants to be set, in- 
stead of 50, as proposed by the local company. 
The action of the board in this matter has been se- 


verely criticised, and definite action on the part of the 
local company, backed with public opinion, may follow. 


Further information can be obtained from C. W. 
Dutcher, one of the incorporators. 150 Fifth Ave., 
New York, or F. S. Pecke, Engr., Flushing. 

ATLANTIC CITY, N. J.—A water company is re- 


ported abont to adopt the meter system. 

CLAYTON, N. J.—The American Pipe Mfg. Co., of 
Philadetphia, is reported, about to commence the con 
struction of works to supply this place and Pitman 
Grove. 

HOBOKEN, N. J.—The house has passed a bill au- 
thorizing this city to issue $500,000 in bonds for new 
works. 


JERSEY CITY, N. J.—Bids are asked until March 25 
for a new water supply. George T. Bouton, Clk. 
Comrs. 

PATBPRSON, N. J.—The question of constructing 
works will be veted upon at the coming spring elec- 
tion. The committee has recommended that an ar- 


tesian supply of 8,000,000 gallons daily be secnred, at 
an estimated cost of $782,500. 


BRADFORD, PA.—S. D. Heffner, Supt., writes us 
that $15,000 will be spent this summer, mostly in re- 
placing old pipe that is too small or rusted. The 


work will be advertised in May or June. 

SASTON, Pa.—A committee has been appoirted to 
go to Harrisburg to ‘protest against the bill which 
requires towns wishing to construct new works first 
to purchase the existing plant. 

HELLERTOWN, PA.—The question of constructing 
works is being agitated. 

MANOR, PA.—W. F. Brinker, Town Clk., writes us 
that the village intends to contract with the West- 
moreland Water Co. for fire plugs for fire protection 
and will need hose and other fire equipment. 

MARYSVILLE, PA.—The council has granted a fran- 
chise and contracted for 20 fire plugs at $400 a year. 
the construction of the works to be commenced within 
18 months and completed within 24 months. 

McKEESPOR'1, PA.—The council has voted to have 
a chemical examination and test made of the Monon- 
gahela River water, with a view to making surveys 
and estimates for securing a supply from this source. 

SELLERSVILLE, PA.—Warren Cressman, Engr., and 
Prof. H. T. Williams are members of connuittees ap- 
pointed to investigate the question of works for this 
place. 

MOUNT POCONO, PA.—The Mount Pocono 
Oo. has been incorpcrated with a capital 
$4,000 to supply this village with water. 
ward D. Hooker. 


COLLEGE STATION, MD.—The trustees of the 
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HYATTSVILLE, MD.—Justice Carr is a member of a 
committees appointed by the Citizens’ Lnprovement As 
seclation to investigate the question of works, which 
it 8 thought can be put in for $15,000, F. A. Holden. 
Secy. Ass'n. 

NORFOLK, VA rhe council has made a new con 
tract with the National Artesian Well Co. (formerly 
the Ray Artesian Well Co.) to secure a supply of 
artesian water. The company offers to sink a wel 
2,000 ft. deep for $10,000, which sum is to be applied 
to the contract price of 865,000 for se« iring water, if 
the effort is successful 


RICHMOND, VA. -It 
Will be purchased and 
©. E. Bolling, Supt. 

CEREDO W. VA Phe city wishes to grant 
‘hise. ©. F. Millender Secy. Com 

WAYCROSS, GA H. Murphy 
that bids will be opened abou ; 
gallon pump. 

CLINTON, 
the bids for 
jected, and that the 
for new bids. 

GREENVILLE, 
wrifes us fhaf no have 
committee in regard to works, but 
Will probably be done this year; population 

MOUNT STARLING KY The Mount Sterling 
Water-Works Co. is reported to have contrac ted wi h 
John P. Martin, of Xenia, O., for immediate con 
struction of works. 

BARNESVILLE, 0.-H. E 
us that he has received a larg: 
different parts of the country 
spondence from manufa 
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are Ppposed , 
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present, impossible to tell 
o securing werl 
incil is reported as struggling 
over a hew contract with the water company, and it 
is stated that the coming election for councifmen will 
be decided on the issue of municipal ownership of the 
works. 

CELINA, O.—Bids are 
until April 4 for the 
Voorhees & Witmer. 

ELMWOOD PLACE, O—Cincinnat papers stat 
the question of water-works and el 
again being agitated in this village 

WELLSVILLE, 0.—John W. Quinn, Supt., wr 
us that the contract for the work recently advertised 
has been awarded to S. G. Hallock, Wheeling, W. Va.. 
for material and labor complete. The other bidders 
were as follows: Chand!ey Bros. & Co., Beaver Falls, 
Pa.; John H. Synon & Co., Chicago; P. Morley, East 
Liverpool, O.: W. M. Wooster, Wellsville, O.: W. M. 
Chisholn, East Liverpool, O.; A. P. Dennis, Wells 
ville; W. M. King, Wellsville, and Henry Wells 
ville. 

WELLINGTON, 0. The citizens 
issue $35,000 in bonds for works, but it has been found 
that this will not be sufficient, and an additional ap 
propriation of $15,000 will be voted upon next month 
It is probable that the whole project will be defeated 

YELLOW SPRINGS, O.—-A committee has been 
pointed to receive bids for the conmstruetion 
according to a press report. 
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VEVAY, IND.--A. H. Kennedy, Man Rockport 
Water-Works Co., writes us that the contract for 
works at this place has been awarded to Guild & 


White, of Chattanooga 
selected being as follows Brownell & Co. boiler and 
heater, Deane duplex pump, Anniston pipe and spe 
elals, hydrants and valves manufactured by the Bour- 


Tenn. at $15,500, the materials 


bon Copper & Brass Works. 

HILLSBORO, ILL.—F. P. Winchester, Cy. Cilk., 
writes us that it is not probable that definite steps 
will be taken in regard to building a new reservoir 
until after the new council is elected April 16 

CHESANING, MICH.--The contract fer constructing 


works has been awarded to T. C. Brooks, of Jackson: 
engine and boiler to H. H. Humphrey. of Detroit, and 
that for the electric light plant to C. B. Chase, of 
Detroit. 

DETROIT. MICH.—The commissioners have sold 


$100,000 in bonds for a 
the city. 

FLUSHING, MICH.—A special election will be 
March 5 to vote on an appropriation of $20,000 
works and an electric light plant. 

JACKSON, MICH.--The board of public works has 
again recommended the adoption of the meter system. 

YPSILANTI, MICH.-H. Batchelder, Deputy Cy. 
Cik., writes us that bids are being received for a new 


iS-in. main from the works to 


held 
for 


pump. bids to be opened about April 1. H. M. Curtis, 
Cho. Bd. Pub. Wks. 
ABINGDON, ILL.—The citizens are reported as agi- 


tating the question of constructing works. 

BELLEVILLE, ILL.--The Deep Well Water Co 
which recently secured a franchise from the city 
council, is reported as locating 140 fire hydrants. 

ELGIN, ILL.—R. R. Jarkin, Supt., writes us that a 
contract for a 6,000-000-gallon pump has been awarded 
to the Holly Mfg. Co., and that the city will soon pur- 
chase some 8 and 6-in. cast iron pipe. 

LACON, ILL.—It is reported that another artesian 
well will soon be sunk. 

NEENAH, WIS.--S. J. Chaefaut writes us that the 
city is contemplating putting in either a system of 
filters or driven wells: meters will also be put in. 
The city will also probably purchase five or six car- 
loads of 5 and 6-in. pipe. 

SPARTA, WIS.—Bids are asked until March 18 for 
furnishing material and constructing works, including 
ahont 30.000 ft. of 10 to 4-in. pipe, 35 hydrants, wood 
tank on 70-ft. brick tower and two oumping engines 
Howard Teasdale, Cy. Clk. . 

CASEY, IA.—The proposition to issue $3,500 In bonda* 
Sor puater-wecte has been defeated by a vote of 117 
0 
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ABILENE, KAN.—The works were purchased March 
8% by the bondholders’ committee for $20,000. The 
plant is bonded for $150,000, 


SPRINGFIELD, NEB.—An élection will be held Aprii 
Z to vote on an issue of $5,000 in bonds for works. 


SHERIDAN, WYO.—It is stated that construction 
will soon be resumed on the new works. The reser- 


volr and about 7 miles of mains were completed last 
fall. 


ST. JOSEPH, MO.—The American Water-Works & 
djuarantee Co., of Pittsburg, owners of the works, has 
ratified the arrangement made by L. C. Burnes, Supt., 
with the city council for the extension and improve- 
ment of the works. 

ST. LOUIS, MO.—The board of public improvements 
has afopted a resolution appropriating $33,000 for 
pipe, valves, ete. 

_ PRINCETON, MO.—The citizens have voted to issue 
$20,000 in bonds for water-works and for macadamiz- 
ing the streets. 

SARCOXIKE, MO.—The citizens are reported as dis- 
cussing the question of works. 

FLATONIA, TEX.-—Efforts are being made to or- 
ganize a company to put in works. 

GAINESVILLE, TEX.—An artesian well has been 
sunk to a depth of 900 ft., and it is stated that the 
contractors will go 2,000 ft. if flowing water is not 
reached at a less depth. 

SULPHUR SPRINGS, TEX.—The contract for con- 
structing works is reported to have been awarded to 
a Dallas firm, construction to be commenced March 16 
und the plant to be completed in 90 days. 

NORMAN, OKLA.—Bids are asked for a supply of 
j-in. cast iron and wrought iron pipe, hydrants, etc., 
according to reports. J. A. Jones, Chn. Com. 

SHATTLH, WASH.—The city engineer has retom- 
mended that the city take steps to secure a gravity 
supply from Cedar River, at an estimated cost of 
$1,250,000. Unless this is done a new pumping engine 
will be needed at once. 

VENTURA, CAL.—A committee has been appointed 
io investigate the question of works. 

ARNPRIOR, ONT. Geo. E. Neilson, Town Clk., 
writes us that the council is considering the granting 
of a franchise, but that present appearances do not in- 
dicate that anything definite will be arrived at this 
year. 

AYLMER, ONT.—W. J. Poupore has submitted es- 
timates for additional work to cost $22,000, making 
$57,000 In all. 

BROCKVILLE, ONT.—Bids are asked until March 
18 for the purchase of $16,000 in 30-year 44% water 
bonds. John Stagg, Chn. Com, 

NIAGARA FALLS, ONT.—Surveys are being made 
for a site for the proposed new reservoir. 

STIRLING, ONT.—A company has been organized to 
put in works; supply from springs 2% miles distant. 


IRRIGATION. 


COZAD, NEB.—Press reports state that at a mass 
meeting of citizens March 1 it was decided to issue a 
call for an election for the purpose of voting $10,000 in 
bonds, to be given to the Cozad Irrigation Co., on con- 
dit'on that it completes the ditch and laterals by 
May 15. Petitions are being circulated, and the indi- 
cations are that the plan will be a success. The com- 
pany will commence work in full force next week. 


AZUSA, CAL.—Bids were received March 9 for the 
purchase of $60,000 of first mortgage bonds of the 
Azusa Irrigation Co. This is part of an issue of 
$80,000 in bonds, which were issued to complete the 
system of irrigation works. A. P. Griffith, Fiscal 
Agent. 

NEW COMPANIES.—West Side Canal Co., San Fran- 
ciseo, Cal.; $5,000,000, with $25,000 paid in; to con- 
struct irrigation ditches in Kings, Merced, Fresno, and 
Stanislaus counties; William Strader, H. W. Gray, T. 
L. Orr, A. B. Dobbins. 

Ute Reservation Ditch Co., Durango, Colo.; $100,000; 
James J, Schutte, O. G. Galbreath, E. B. Morgan, J. 
(, Sullivan, T. F. Burgess. 

Poplar Irrigation Co., Poplar, Cal.; $41,000, with 
$12,500 paid in; Jacob Hays, BE. A. May, T. J. Hornsby, 
R. H. Clack, E. H. Dale, Poplar. 

Anawashpa Irrigation & Power Co., Seattle, Wash.; 
$300,000; ID. HH. Longstaff, J. W. O'Keefe, B. L. Rath. 
bun, B. K. Beecham, T. W. Butler. 

Pannell Valley Irrigation Co., Garden City, Kan.; 
$30,000; to construct irrigation ditches at Garfield; R. 
J. Churebhill, J. Chapel, Frank Rose, Wm. Moore, 
John Wilkinson, Foster Rose. 

South Side Irrigation Co., France School House, Daw- 
son county, Neb.; $50,000; to construct irrigation 
ditches in Lincoln and Dawson counties; W. E. Young, 
J. W. Hiles, W. R. Potter, H. W. Davis, I. Beyett. 


SEWERAGE. 


MANCHESTER, N. H.—The council has adopted 
resolutions appropriating $75,000 for sewer construc- 
tion. 

BOSTON, MASS.—Bids are asked until March 16 for 
furnishing brick for use en the intercepting sewer in 
Dorchester. Wm. Jackson, Cy. Engr.——The corpo- 
ration council has prepared a bill for the consideration 
of the committee for a system of sewage disposal for 
the Neponset Valley, including Dedham, Hyde Park, 
Milton, Quincey, and the southern section of this city. 
The sewer is to connect with the metropolitan system 
at Dorchester, and is estimated to cost $500,000. 

BROOKLINE, MASS.—The selectmen are considering 
the question of draining the Chestnut St. district. 

LYNN, MASS.—It is reported that Chas. W. Gay, 
Cy. Engr., will, in his annual report, recommend the 
eonstruction of an impounding reservoir or purifying 
basin, the location for which was secured some time 
ago, instead of extending the outfall sewer at present, 
upou which $19,657 has been expended. The total cost 
of the system to date is $1,092,262. 

WINCHESTER, MASS.—The town has voted to ap- 
propriate $50,000 for sewer construction. 

PAWTUCKET, R. I.—It is reported that work will 
soon begin on the construction of a sewer which will 
cost about $50,000. 

PROVIDENCE, R. T.— Bids are asked until March 19 
for constructing about 7,465 ft. of 12 to Sin. pipe 
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sewers and 660 ft. of 18 and 16-in. brick sewers. Robt. 
BE. Smith, Comr. Pub. Wks. 

ALBANY, N. Y.—The council is considering the ques- 
tion of extending the Beaver Creek sewer, at an es- 
timated cost of $80,000 to $100,000. 

BUFFALO, N. Y.—The committee has decided to re- 
pert favorably on the proposition to construct a sewer 
n Bemdway, to readvertise for bids for constructing 
a sewer in Montana St., and to direct the engineer to 
prepare plans for a sewer in South Buffalo. 

NEW YORK, N. Y.—Bids are asked by the commis- 
sioner of street improvements, 2622 Third Ave., until 
March 20, for constructing sewers in five streets. 

ROCHESTER, N. Y.—It is reported that contracts 
will soon be awarded for constructing pipe sewers in 
eight streets, estimated to cost $70,000. 

HACKENSACK, N. J.—The Hackensack improve- 
ment commission has been discussing plans for con- 
verting Hackensack Creek into a sewer. 

MONTCLAIR, N. J.—The committee has recom- 
mended an appropriation of $60,000 for completing the 
main sewers, 

SOUTH ORANGE, N. J.—Bids are asked by the vil- 
lage trustees until April 15 for the purchase of $25,000 
in 5% sewer bonds. 

ROSELLE, N. J.—Bids are asked until March 29 for 
the construction of about three miles of 15 to 10-in., 
pipe sewers, as stated in our advertising columns, Con- 
sult. Engr., Carrol Ph. Bassett, Summit, N. J.; G. A. 
Rawlins, Borough Clk. 

BEAVER FALLS, PA.—The construction of a sys- 
tem, and that bonds will soon be issued and bids 

LANSDALE, PA.—It is reported that engineers have 
been engaged to make a survey for a system. A. C. 
Godshall, Village Pres. 

PITTSBURG, PA.—The committee on public works 
has recommended the construction of sewers in 20 
streets. 

READING, PA.—The committee has recommended 
appropriation as follows: Sewage disposal plant, pipe 
lines, ete., to cost $100,000; sewers in nine streets and 
completion of house sewers, to cost $42,000, and com- 
pletion of pumping station, etc., to cost $27,000. 

WILKINSBURG, PA.—S. A. Taylor, Engr., of this 
city, is interested in certain sewer and street work 
for which it is expected that contracts will soon be 
awarded, 

WILLIAMSPORT, PA.—Geo. D. Snyder, Cy. Engr., 
writes us that the council has issued $100,000 in bonds 
for constructing sewers, and that contracts for the 
first part of the work will be awarded in about a 
month. 

WILMINGTON, DEL.—It is reported that the Wil- 
mington Sewerage Co. has petitioned the council for 
authority to construct a sewer in four streets. Pres., 
W. P. Toon, 

WASHINGTON, D. C.—The district commissioners 
have ordered the construction of sewers in two streets. 

MANCHESTSER, VA.—It is reported that the com- 
mittee Is about to make a report on a proposed sys- 
tem, and that bonds will soon be issued and bids 
asked for constructing a system, estimated to cost 
about $75,000. 

PETERSBURG, VA.—Bids are asked until March 20 
for the construction of 4,650 ft. of 18 to 8-in. pipe 
sewers. John W. Hays, Cy. Engr. 

AUGUSTA, GA.—The council has passed three ordl- 
nances for constructing sewers. 

LOUISVILLE, KY.—Bids are asked by the board of 
yublic works until March 20 for constructing sewers 
n 15 streets. 

PADUCAH, KY.—It is reported that the committee 
will recommend the construction of a system at once. 

CLEVELAND, O.—The council has received the fol- 
lowing bids for the construction of two sewers: 


Marcelline Willson 





Ave. 
James Connelly: ......ccsccscccccese $29,520 
Johm MaROM 2... ccccccevccscctcccsces «eaeem 
McCarthy & Sager y 30,623 
William Bggers .....ccsccccccscsccce 742 31,731 
FP. WE DRO nics ck cee aesen cwnvscsin 15,897 32,327 
Kuents & Kuents ....ccccccsccccsecs 14,673 39,495, 
Charles & Dan McCarthy ..........+.+ 16.40 wcttee 
Burgess & Gribben .........eeeeeeees 16,437 40,882 
Campbell Bros. ........scccceseccees 17,272 32,047 
McCracken & McDowell ...........+. ieee sabia 
Kirkham & Wells .......-.-sceeceeees 6,652 sees 
WR. WP, TREES, 6c cnc ccsvacicsedece sean 16,419 35,540 
Word PB. TROREG on cccccccvccsccvcctse 16,720 338,257 
Be BEM ens conadechnsnenssenesene 16,528 35,121 
W. J. TFRWMO cnicckawectcuceveretgas i oes 37,22 
Petry & Kuentz ........-ccesecesees 6,922 wakes 
Glenvents Bros. Const’n Co.......-... 17.850 33,093 
William Stephen .........+.seeeeeees 18.974 inf’m’! 
A. G. Hausmann .........cscccsecess 1728 cadens 
John Garry (informal) .........+-+e++ seeeee 29,598 


SANDUSKY, 0.—Bids are asked until March 30 for 
constructing a sewer in one street, A. W. Miller, Cy. 
Clk. 

ELWOOD, IND.—It is reported that a tract of 
swamp land, valued at $250,000, in this city, is to be 
drained by the construction of a sewer. 

ALTON. ILL.—Plans for a system have been pre- 
pared by H. R. Stanford. 

OHAMPAIGN, ILL.—Rids are asked until April 8 for 
constructing 27 miles of sewers, as stated in our ad- 
vertising columns. J. P. Dunlap, Cy. Engr. 

REDWOOD FALLS, MINN.-—It is reported that the 
connell has ordered the construction of sewers in two 
streets. work on which will probably soon be com- 
menced. 

JEFFERSON CITY, MO.—Bids are asked until April 
1 for furnishing material and constructing a main 
sewer. as stated in our advertising columns. E. F. C. 
Harding, Engr.; A. P. Grimshaw, Mayor. 

WINNIPEG. MAN.—The council bas voted to con- 
struct sewers in two streets. C. J. Brown, Cy. Clk. 


GARBAGE DISPOSAL. 


NEWPORT, R. I.—The street committee has awarded 
the contract for the removal of coal ashes, dirt. etc., 
from March 1, 1895, to Dec. 31, 1897. to Thos. Pierce, 
at $235 per month. There were 18 bidders. 
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BRIDGEPORT, CONN.—The contract for the 
moval of garbage has been awarded to H. A. Whitin. 
at $7,500. The bids were published last week. 

ROCHESTER, N. Y.—The board of health has a) 
proved the location of the Rochester Garbage Reducti,, 
Co.’s plant at Waynesport, and the plant will be «, 
structed at that place at once. 

ATLANTIC CITY, N. J.—The board of health is re 
ported as corresponding with parties in regard 4. 
the cremation of the garbage of the city. 

PITTSBURG, PA.—The contract for the eollectic,, 
and = of garbage for four years has ber), 
awarded to Chas. E. Flinn, at $79,700 a year. A 
the garbage will be burned and the construction of « 
garbege furnace will be commenced as soon as pos 
sible. 

WHEELING, W. VA.—The “Intelligencer” states 
that the crematory shed was blown down last week 
and that it is nearly time that a new crematory, fu: 
nace, building and all, was built in a better location. 

OAKLAND, CAL.—The question of garbage disposal 
is being considered by the council. It is stated that 
one councilman has a scheme for dumping it into scows 
and towing it out to sea. 


STREETS AND ROADS. 


HOLYOKE, MASS.—Bids are asked until Mareh 19 
for furnishing the city with 10,000 to 15,000 lin. ft. of 
granite curbing. John Wall, Chn. Com. 

TAUNTON, MASS.—The aldermen have 
resolution appropriating $15,000 for paving 
amizing and $15,000 for sidewalks. 

ALBANY, N. Y.—The committee is considering the 
paving of North Pearl St. with granite blocks. 

ALFRED, N. Y.—At an election March 5 the citi- 
zens voted to issue $8,000 in bonds for a macadamized 
road from Alfred Center to Alfred Station, a distance 
of two miles. 

BROOKLYN, N. Y.—The mayor has directed the 
ee —— to ae a bill for the legislature 
providing for the repaving of Atlantic Ave., at a cos 
of $100,000. ’ ea 
maar aaa = ees German Rock Asphalt & Ce 

2 0. has been awarded a contract for paving wii 
‘Prinidad “ake asphalt, at $11,522,000) PY DS 

NEW YORK, N. Y.—Bids are asked by the depart- 
ment of public parks until March 20 for furnishing 
and delivering 10,000 cu. yds. of screened gravel at 
Central and Riverside parks, and until the same date 
by the commissioner of street improvements, 2622 34 
Ave., for a supply of broken stone.— Residents norti: 
of the Harlem River have petitioned the mayor to 
approve the plan for a boulevard 182 ft. wide 
from 161st St. and Mott Ave. to Mosholu Parkway. a 
distance of 4% miles. The work is estimated to cost 
from $12,000,000 to $30,000,000. 

PATCHOGUE, N. Y.—There is talk of issuing 
$40,000 in bonds to macadamize about three miles Of 
Ocean Ave. and Main St. 

ROCHESTER, N. Y.—It is stated that conside-sble 
paving is contemplated. 

UTICA, N. Y.—The council has voted to pave four 
Streets. J. A. Cantwell, Cy. Clk. 

J ERSEY CITY, N. J.—Bids are asked until Mare 
25 for paving 3,550 sq. yds. with asphalt on 4 ns. of 
concrete. Geo. T. Bouton, Clk. Comrs. 

NEWARK, N. J.—Bids are asked until March 22 for 
paving Pompton turnpike in Verona township with 
telford pavement. Thos. McGowan, Dir. Freeholders. 

TURTLE CREEK, PA.—The bids for paving Brad- 
dock and Penn Aves. were all rejected as too high. 
_WILKINSBURG, PA.—S. A. Taylor, Engr., of this 
city, is interested in projected street and sewer work 
for which it is stated that contracts will soon be 
awarded. 

LOUISVILLE, KY.—J. Henry Hoertz, Secy. Bd. Pub. 
Wks., writes us that contracts for lime and cement 
were awarded to the Utica Lime Co. at 75 cts. per bbi., 
and for sewer pipe to Pat Bannon Co. Contracts for 
ibe several alleys with one course of vitrified brick 
ave n awarded at $17.50. 

CINCINNATI, O.—The board of administration has 
voted to pave a large number of alleys with brick, 

CLEVELAND, O.—Bids are asked by the park com- 
missioners until March 20 for grading and laoseving 
Doan Brook parkway.——S. J. Baker, County Engr., 
has prepared plans for a boulevard 100 ft. wide from 
Collamer to Euclid Creek. 


SANDUSKY, O.—A. W. Miller, Cy. Cik., informs us 
that bids were received for paving Water St. with 25 
varieties of brick and blocks, the bids for Hallwood 
repressed block being as follows: 


adopted a 
and imacad 


A. Gi: Pugh @ On asd. i einai biendsscan% $31,070 
Wis : Pik CE Bien ook ube 8 <b Gav ois 20,998 
Coleman & Hallwood (Straitsville) .......... 25,657 
- “ a" (Townsend) ......... eee =, 857 
- - = GRID Sia a's bits ades'ee6cle 29,457 
- = ” CERNE co ss seheosthess 29,457 
* - * CORED ove eon ek tse we - 29,457 


Groch & Peter (Athens) .ii.c.cccccccccccccccss | 28,400 
W. A. Cain (Athens)........ . 
W. A. Cain (Nelsonville) ........ wbie ds'ey eseee 31,398 
SRM a. E555 ai os Bad eke cee ORI 


ZANESVILLE, O.—Bids are asked by the city clerk 


until March 25 for paving several streets with brick, 
according to reports. 


FRANKFORT, IND.—The council has directed A. J. 
Hammond, Cy. Engr., to prepare plans and specifica- 
tions for about 3,100 lin. ft. of brick paving on con- 
crete foundation, about 21,600 sq. yds. 


INDIANAPOLIS, IND.—The board of public works 
has ordered plans prepared for a New Jersey 
St. from Home Ave. to 7th St.. 1, yD ft.. and Fort 
Wayne Ave., one section, 1,000 x 30 ft., and the other 
section, 1,000. 50 ft., with asphalt. About 2,000 ft. 
of cement walks have been ordered on Washington 8t. 


INDIANAPOLIS, IND.—Bids are asked until March 
23 for paving with brick South Pennsylvania St., from 
Maryland to South; length, 1,360 ft.; width, 60 ft.: 
9,329 sq yas; 6-in. concrete foundation and brick sur- 
face; 2, ft. 5 x 24-in. curb, 75 ft. rounded corner curb, 
396 ft. marginal stone, two catch basins and eight in- 


ets, with connecting pipe. Chas. 0. Brown, Cy. Engr. 
RICHMOND, IND.-—Bids are asked until March 29 
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for 500 lin. ft. of stone crubing, 2,100 lin. ft. of grad- 
ing and ttering, also for furnishing and setting five 
flush tanks and constructing 600 ft. of pipe sewer. H. 
L. Weber, Cy. Engr. 

BLOOMINGTON, ILL.—The contract for paving 
North Main St. has been awarded to John Cherry, Jr. 

WAUKBGAN, ILL.—Bids are asked until April 2 for 
15,300 sq. yds. of brick paving, etec., as stated in our 
advertising columns. Henry Thacker, Cy. Clk.——H. 
W. Large, Engr., writes us that plans have been com- 
pleted for paving six blocks in the business portion of 
the city, in addition to the work now advertised; brick 
paving upon a foundation of 6 ins. of macadam and 
2 ins. gravel, and estimated to cost $22,765. 

GLENCOE, ILL.—Bids are asked until March 26 for 
macadamizing 6,125 lin. ft. of Sheridan road, including 
a 90-ft. bridge, as stated in our advertising columns. 
The total bids received last nionth for this work, were 
published in our issue of Feb. 14. Engr., W. 8S. Shields, 
Chicago. Granville D. Hall, Village Clk. 

PEORIA, ILL.—Bids are asked until April 4. for 
about 25,000 sq. yds. of brick paving, as stated in our 
advertising columns. Isaac Taylor, Comr. Pub. Wks. 


ST. PAUL, MINN.—Bids are asked until March 18 
for paving 6th St. with asphalt on a concrete founda 


tion. John C. Mueller, Clk. Bd. Pub. Wks. 
PRINCETON, MO.—The citizens are reported to 


have voted to issue bonds to macadamize the streets 
of this place. 

HOUSTON, TEX—Bids are asked by the mayor until 
March 30 for the construction of sidewalks in several 
streets. 
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Wicomico and Manokin rivers, and Cambridge Harbor, 
os and Nanticoke River, Del. Wm. F. Smith, U. 8. 
Agent. 


MASONRY FOUNDATIONS.—Providence, R. I.—The 
New York, New Haven & Hartford R. R. Co. has 


awarded the contract for 4,000 cu. yds. of granite mas- 
onry foundation for the new passenger station to J. T. 
Tank, at about $30,000. 

REMOVAL OF WRECK.—Philadelphia, Pa. 
are asked until March 23 for removal of wreck 
steamship Allegheny, lying in the Delaware River 
miles above Arnold’s Point, N Second 
Spencer Cosby, U. S. Engr. Office. 

DRAINAGE DITOCH.—Princeton, Ind.—Efforts are be- 
ing made to secure the construction of a drainage diteh 
about 10 miles in length and estimated to cost about 
$100,000; the ditch will be 40 ft. wide, with an aver- 
age depth of 12 ft., and 20-year bonds will be issued to 
pay for the construction. 

TUNNEL.—New York, N. Y.—The New York & 
Brooklyn Tunnel Co. has been incorporated with a 
capital stock of $100,000 to build an underground rail- 


Bids 
of 


° 
24 


Lieut. 


way from a convenient point in New York, between 
Kast 16th St. and Whitehall St., under the bed of the 
East River, to a point in Brooklyn, between North 


Eighth St. and Atlantic Ave.,a distance of two miles; 
directors, Thos. A. Patterson, Jr.. Chas. J. Schlege 

Walter J. Aims, John C. Bucken, Charles Kuehnmunidt, 
John V. Bouvier, Jr., Frederick P. Delafield, Frank H. 
Knight, and Samuel 8. Slater, of New York. Thos. A 
Patterson, Jr., subscribes for 930 of the 1,000 shares of 
capHal stock. 


SHIP CANAL.—Warren, 








87 
Engr., writes us that the following bids were received 
March 7 for a lateral sewer, average cut 10 ft.; price 
per lin. ft. includes cost of manholes, basins and 
everything necessary for thé full completion of the 
work; prices bid for manholes, basins, ete., are for 
any extra ones which may be required 
Lamp- Per 
Bidder Manholes. Basins holes lin. ft 
Stephen Flapagan $1.72 
Fahey Bros. 1.61 
Dunn Bros sa A $59.00 $65.00 1.8 
Wm. Dunn & Co.* 78.00 85.00 $10.00 1.80 
Fox & Duhigg 1.70 
* Wilkes Barie, Pa all others residents of Seranton 
BRICK PAVING.—Scranton, Pa.—Joseph Vl’. Phillips 
Cy. Engr., writes us that the following bids were re 
ceived March 7 for paving Franklin Ave., from Spru 





to Mulberry St., with vitrified brick on a concre 
foundation: 
+? - 
2 ¢ ¢ 
= §=" < 
Bidder Paving it se e 
per sq. yd. & G S 5 = 
Fred Hendler® ..$2.28 to $2.45 $0.00 $0.62 $0.70 $0.96 $0.11 
Ww Dunn & Co.* 2.39 ** 2.45 s us 12 
Fox & Duhigg**. 2.0land 2.08 tb So 1 
Fahey Bros** 1.96 ** 2.07 iS 7s ) 
lhunn Bros.** 1.83 ** 2.16 10.00 > 7 80 1 
* Wilkes Barre, Pa. ** Seranton, Pa 














pes . 7 ead . O.—A press report from STEAM PUMP AND BOILER.— Willimantic, Conn 
‘TRINIDAD, COLO,.—Residents of this city and Cats- this place March 4, states as follows: The preliminary Walter D. Brigham, Chn. Com., writes us that thn 
kill are considering plans for building a new wagon survey for the ship canal to connect Lake Erie with following bids were received March 2 for a 2,000,000 
road to La Belle, a new mining camp, that will shorten the Ohio River at Pittsburg, was commenced here this gallon steam pump, with boiler, as advertised in EB 
the distance about ten miles. afternoon by J. C. Oliphant and 12 assistants, who gineering News: 
SEATILE, WASH.—The following bids were re- Will cover the territory between Warren and the lake. Cyl., diam., ins.— Stroke, 
ceived for paving Pike St. with brick: T. W. Prosch Another party started at the same time and will wer? = ; High. Low. Water. ius 
& Co., $28,640; J. W. Fitts, $22,452; James Spurr & from the mouth of the Mahoning River to Warren, and Boone Bisa. Fam C0 a a a 
Co., with Denny brick, $21,936; with Seattle Brick & % third starting from Conneaut Lake (Pa.). proposed Barr Pumping Engine Co**.. 16 30 14 eS 
Tile Co.’s brick, $19,916; Stirratt & Getz, with Denny feeder, will intersect the first party about 2) miles ae * be Co oan a a on 
brick, $23,743; with Seattle Brick & Tile Co.'s brick, north of this city. About 244 months will be required ETNA ‘steam Pump Wks.. 16 321i 24 
$21,049. © make the surveys. the corps are under the Seneae” a Seen o “go ‘a 
direction of a general committee in Pittsburg. Fraser & Chalmers. . ° Po = 12 
MISCELLANEOUS CONTRACTS AND SUPPLIES . * Not according to specifications 
nea Se : sae O - RACTS AND SUPPLIES. CONTRACT PRICES. sallet _eccending, to pecification 
DRAINAGE BONDS.—Vincennes, Ind.—This county _ _ Te ‘ Se pe a 5 a. . F 
has sold $90,000 in bonds for drainage purposes. eantnuie” Ee ee ph ~ a —e s W ATER W ORKS Ashland, 0 a a 
? . 2 2 . roa os * om - i i f é rie ' ‘ eonstruction oO had ault. i Pec is sent us The TPothowiliy repre ial 
COAL CARS.- New York, N. Y.—The Delaware, water-works was noted last week under Water-Works. proposals received March 6 for material and laber for 
Lackawanna & Western Rh. R. Co. is reported as re Boyd Ehle, Engr., writes us that the following bids the construction of works, as advertised in Engineer 
ceiving bids for 500 coal cars. were received from supply men for the materials: ing News: Aggregate bids: Snyder & Williams, Day 
Bids Received at Fort Plain, N. Y.. March 1. for Constructing Water-Works. 
Dam, —House.— 8-in. ; ' 
Bidder. Ex- ot Rub. Con- Muck- Rip- Pud- per 6 ~ 12 ¥ Foot drain, Pipelaying a Extra Rock 
. , , cav. ment. mas y. crete. ing. rap. die. lin. ft. 6-ft. 12-ft. bridge. laid. 10-in.  S-in 6 in > oe. eee 
A. H. Coons & Son, Ww ilkes Barre, Pa........$0.26 $0.39 $3.90 $4 no $0.38 $0.80 $0.75 $4 90 $10 “a ‘8 $0 27 $0.245 $0.22 $0.16 $0.35 $1.65 
Smith Bros., Pelhamville, N. Y.............. .20 .26 7.50 5.00 28 1.00 1.00 7.00 50 20 27 14 25 145 
Troy Public Works Co., Troy, N. Y.......... nO 35 7.00 soo 35 1.25 2.00 10.00 100 a5, 42 20 a 2 
W. B. Birdseye, Fayetteville, N. Y.......... 2 88 7.00 7.00 on, 00 OF 7 oP ae Bh 26 ih 30 1.25 
Beckwith & Quackenbush, Mohawk, N. Y..... 40 32 7.00 10:00 "25 230 1100 3.00 140 3 27 23 2 10 2.00 
Seymour & Barber, Gloversville, N. Y....... 25 35 5.00 6.00 25 250 1.25 16.00 200 40 27 22 20 “) 1.1 
Lehigh Valley Const’n Co., So. Bethlehem, Pa. .25 40 «4.00 6.00 23 150 9 6.00 50 3h 225 aa 18 30 1.75 
A. Tubman, Cleveland, 20 27 «5.75 «4.75 "20 «200 «(95 «1700 ~=««1B “40 22 18 14 Ad 2.00 
Gallo & Cuozzo, New York 30 30 86.00) 6.00 300 «2.50 ‘60 9.00 125 30 24 1S 14 30 2.00 
John Marsden, Utica, N. Y¥ .20 -30 4.00 3.00 25 2.00 60 5.00 5 20 21 is 16 a) 1.00) 
W. J. Fogg, Mount Vernon,.N. Y............ 25 32 6.00 6.00 25 1.25 65 8.25 60 25 20 17 155 30 1.0 
a a A GE Oils vac scaceseescabeéece .30 50 7.50 6.75 30 250 1.00 10.00 50 30 30 2 18 0 2.00 
Flood & Sherrill, Sandy Hill, N. Y........... 40 35 6.50 9.00 1 §=2.00 1.00 6.00 35 30 25 IS 155 me 2.00 
Hem@rik, Taylor @& Warmer. .....cccccscocces oO .30 6.00 6.00 “50 3.00 “75 7.00 50 48 Bt 20 20 mM) 2.00 
P. H. Harrison & Sons, Newark, N. J... 30 45 6.50 7.00 1) 8 1.25 7.50 60 0 30 20 17 a 2.00 
Whitmore, Rauber & Vicinus, Rochester...... .30 23 11.50 5.00 22 5.00 2.00 9.00 250 an 34 31 20 Ho 1.75 
Gibney & Orendorf, Indianapolis, Ind........ 15 185 3.00) s.00 1D OT 49 7.00 69 272 OR 165 15% 14 1h 47 
Geo. D. Grannis, Syracuse, N. Y............ .30 .80 6.00 o.00 20 1.00 1.00 7.50 30 175 30 > 24 19 17 30 1m 
PU Sy TSW Wii ese cesccccccceccens 30 .40 4.00 3.50 1.50 1.00 1.00 5.00 mw 1h0 (100 40 2 27 26 “0 1.00 
WATER TOWER.—Rochester, N. Y.—If the council Bids Received at Fort Plain, N. Y., for Pipe, Valves and Hydran 2 . 
makes the necessary appropriation the fire department - — E as ou os Ga Se Hy 
will soon purchase a $5,000 water tower. Pipe.— Specials. Valves Valve, Amr ae 8 4 jrants 
" ain . * “ _ ° ** §6Ord'y. Fig’d. 10-in. S-in. 6-in i-in. boxes. valves. 12-in. 10-in. in in. dra 
FIRE HOSE.—Portland, Me.—Chief Engineer Jack- Bidder. $. y $. s $. < * s $ $ $ 
son has recommended the purchase of 8,000 ft. of Eddy Valve Co.()......... cecce cecee cece eases 22.75 16.00 10.25 6.60 2.50 5.00 35.00 27.00 21.00 12.00 21.% 
fabric hose and 2,000 ft. of rubber hose. Se a Fans dda dees 18.95 40.00 42.50 50.00 wabee 
WATER TOWER.—Toronto, Ont.—Bids are asked Anniston Pipe Co........... gE) lc gal SE To a igh (9.00 21.00 
until March 18 for a water tower of the latest im- r = Wood & Co......... 20.25 22.50 60.00 = 4 ao 2 7 = 1 ee 2675 16.75 21.50 
a > ¥ » ‘ ‘ J. MOM ccc cecsccccess ° ~ aon o> > o-+ oy Oo ” a or. 
proved pattern, Geo. MeMurrich, Chn. Com.  snaeg Vale’ dec enoeh* es 2300 16.00 1060 640 2.75 10.60 30.10 26.35 18.55 21.75 
DRAINAGE DITCHES.—St. Paul, Minn.—The Read Jonson Eng. & Fdry. Co.... ae nies . +e ae gees 
River drainage bill, appropriating $50,000 for additional Ce Oe a veces ceeee 20.00 14.50 8.75 5.75 2.60 4.50 37.50 27.70 21.75 12.25 20.0 
ditches, has passed the House by a vote of 79 to 18. MeNeal Fdry. & Pipe Co.@ rarer res gees sees Cares . et eee ee ie 
DRAINAGE BONDS.—Piqua, O.—The county audi- ©. Millar & Son(*)......... 45.00 85.00 23.00 16.00 10.60 6.40 2.75 10.60 30.10 35.60 28.36 18.55 21.75 


tor is reported to have been directed to advertise for 
bids for the purchase of $14,000 of Ludlow joint ditch 
bonds. 

MORTAR FORGINGS.—Washington, D. C.—Bids are 
asked until April 1 for six sets of steel forgings for 
7-in. siege steel mortars. Gen. D. W. Flagler, Chief 
of Ordnance. - 

HOSB WAGONS, ETC.—Cincinnati, O.—Bids are 
asked until March 18 for 1 to 3 hose wagons, and one 
75-ft. aerial extension ladder truck. W. T. Perkins, 
Secretary Fire Board. 

#RADING.—St. Louis, Mo.—Bids are asked until 
March 20 for 900,000 cu. yds. of grading, as stated in 
our advertising columns. Pitzman’s Co. of Surveyors 
& Engineers, 615 Chestnut St. 

FIRE HOSE, ETC.—Manor, Pa.—The village has 
eontracted for a water supply and is about to buy 
fire hose, carts, and other equipment for fire protec- 
tion. W. F. Brinker, Town Clerk. 

RAISING DAM.—Washington, D. C.—Work is about 
to be commenced on raising the Great Falls dam 2% 
ft.. for which Congress appropriated $125,000; 2,225 eu. 
yds. of stone will be required for the work. 

WHARF WORK.—Washington, D.C.—-Bids are asked 
until March 30 for repairing the wharf at the U. S. 
ee tine station, Blackbeard Island, Sapelo Sound, 

a. Chas. E. Kemper, Acting Supervising Arch. 

BREAKWATER, ETC.—Grand Rapids, Mich.—Bids 
are asked until April 4 for breakwater construction at 
Petoskey, Mich., and fer pier extensions at Frankfort 
Harbor. Lieut.-Col. G. J. Lydecker, U. S. Engr. Office. 

APPROACHES.—Lowell, Mass.—Bids are asked un- 
til March 27 for the construction of the approaches to 
the U. 8S. public building in this city. Address Chas. 
gE. pomoe. Acting Supervising Arch., Washington, 


DREDGING.—Wilmington. Del.—Bids are asked until! 
April 5 for dredging Chester, Choptank, Warwick. 








©) Awarded contract for pipe, at $23,404. 

CAST IRON PIPE.—St. Paul, Minn.—Jno. Caulfield, 
Secy. Water Comrs., writes us that the following bids 
were received March 8 for 20,000 ft. of 6in., 3,500 ft. 
of 12-in., 9,228 ft. of 30-in. cast iron pipe, with privi- 
lege of additional purchase of 6, 12 and 30-in. pipe and 
1,500 ft. of 16-in. and 300 ft. of 24-in. pipe: 


— Per ton of 2,000 ibs. ——, 








6&12-in. 16-in. 24-in. 30-in. 
Addyston Pipe & Steel Co.'....$29.93 $22.93 $20.93 $20.93 
Chattanooga Frdy. & Pipe Wks. 20.30 20.30 19.80 19.30 
Dennis Long & Co.?........... 21.7 21.73 20.43 20.43 
Howard Harrison Iron Co.*.... 19.75 19.75 19.00 19.00 
Anniston Pipe & Fdry. Co.... 19.6 19.65 19.65 19.65 
Shickle, Harrison & Howard 

We -OOFic cowicccgbacccocee 19.23 


+ $21.93 for entire lot. 2? $20.85 for entire lot. * Awarded 
contract for 16, 24 and 30-in. * Awarded contract for 6 and 
12-in. 

BRICK PAVING.—Rock Island, Ill—A D. Huesing,. 
Cy. Olk., writes us that the following bids were re- 


ceived March 4 for paving several alleys with one 
eourse of Galesburg brick: 

Oak Plank, 
posts, eurb, 
setin Tie per 

Bidder. Paving. place. rods. M. ft. 
Be: MA Mee bin css ctccevece ce () $0.25 $1.00 $20.00 
MeGugin & Schnitger(*)........... $1.20 17 7% 14.00 
Wm.. AtKIMGOR. 2.26. ccceccccccces 1.15 12 % 18.50 
Sey Ute EUs arescgeccetcatcsoe 1.02 -10 4) «12.00 
Edwards & Walsh Const’n Co.().. 1.12 -20 100 20.00 


"(@) Des Moines brick, $1.01. 
@) Galesburg No. 2 brick, $1.05. 


SEWERS.—Scranton, Pa.—Joseph P. Phillips, Cy. 





* 10 to 4-in. pipe, per ton of 2,000 Ibs.; ** Ward's pipe, per ton. 
() Awarded contract for hydrants and valves at $1,920 (itemized bid 
(@) Lowest bidder for pipe, at $22,798, but could not guarantee delivery 


aggregates $1,290 for hydrants and $754 for valves) 
in time specified. 


ton, O., $44,887 (awarded contract); Grimes & Moran, 
Bikhart, Ind., $48,904; Andrews & Shields, Hamilton, 
O., $47,238; Chandley Bros. & Co., Beaver fF alls, Pa., 
$48,000; Mansfield & Allen, Indianapolis, Ind., $46,494. 
Pumping engines, John H. McGowan, Cincinnati, com 
pound, $2,500; non-compound, $2,100; Laidlaw-Dunn 
Gordon Co., Cincinnati, $2,600, $2,800 and $2,300; 
Hughes Steam Pump Co., Cleveland, $2,600; Barr 
Pump Co., Philadelphia, $1,905; Stibwell-Bierce «& 
Smith-Vaile Co., Dayton, $2,200 and $2,100; with 
boilers, $3,726. Boilers, two return tubular, Schribe: 
& Co., Cincinnati, $1,678; Brownell Co., Dayton 
$1,260: Mansfield Machine Works Co., Mansfield, $1,671: 
Aultman-Taylor Co., Mansfield, | $2,095; water-tube 
boilers, $2,340. Stand-pipe, 20% 75 ft., with founda 
tion, Tippett & Wood, Phillipsburg, N. J.. $3.569; War- 
ren City Boiler Works, Warren, $4.100; Enterprise 
Boller Works, Youngstown, $4,185; Variety Iron Works, 
Cleveland, $4,297; Brownell Co., Dayton, $3,941 Hy- 
drants, Michigan Brass & Iron Works, Detroit, $22 2 
and $22.15; Ladlow Valve Mfg. Co.. Troy, i te = 
$21.50; Ripley-Detrick Co., St. Louis, $23; R. D. — 
rass 


& Co., Philadelphia, $23; Bourbon Copper & 
Works, Cincinnati, $24 and $19; Crane Co.. Chicago, 
$21.75 and $21.40; Richard Beaumont, Kankakee. I). 


$19.50. Cast iron pipe, Lake Shore Foundry, $19 per 
ton of 2,000 Ibs.; special castings, 2 cts. per Ib.; Ad- 
dyston Pi & Stee] Co. $19.%; contractors bids on 
pipe ran $19, $19.05, $19.15, $19.50, $18.65. 
SEWERS.—Detroit, Mich.—A. McPherson, Secy. Bd. 
Pub. Wks.. writes us that the contract for rebuilding 
the 18th St. sewer, 2,190 ft. of 3-ring brick. 8 ft. diam 
eter, 7 munholes, has been awarded to Julius Porath 
at $8.33 per lin. ft.; manholes, $25 each; total, $18.46. 
The other bidders were: Liphardt & Winterhalter, 
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$8.85; Langley & Jeynes, $12.49; W. H. Collins, $10.92; 
John Jeynes, $10.25; John A. Mercier & Co., $11.25; 
Johu Dutfield, $16.40 per ft. and $50 per manhole. 
Contracts have since been awarded for sewers as fol- 
lows: Public sewer in Ferdinand Ave., 2,208 lin. ft., 
5-ft. cylinder, 2-ring brick, 7 manholes, contract price 
$3.68 per lin. ft.; manholes, $30; total, $8,335. 3st St. 
public sewer, 3,538 ft., 10 manholes, size 3 ft. 7 ins. x 
2 ft. 6 ins. to 4 ft. x 2 ft. 6 ins., 2-ring brick, contract 
price, $2.83 per lin. ft.; manholes, $50; total, $9,747. 
Nebuilding sewer in Hastings St., 4,943 lin. ft., size 
5 ft. 6 ins.x% ft. 8 ims., z-ring brick, 14 manholes; 
$4.61 per lin. ft., one drop chamber $70, 14 manholes 
$25 each; total, $23,207. 

IRON AND WOOD STAKES.-—-Buffalo, N. Y.—The 
following bids were received March 6 for furnishing 
the bureau of engineering with oak and rock elm 
stakes during the year ending March 30, 1806: Heaf- 
ner & Ignatz, $40 per M.; Tonawanda Pianing Mill Co., 
$30.09; Jacob Hass, $38. The bids for wrought iron 
stakes were as follows: Frank Lenahan, $1.05 per lov 
ibs.; Kellogg Steel & Iron Co., $1.74; Philip Wurtz, 
$1.86; Geo. .H. Jones’ Sons, $1.00 for Y%-in. and $1.50 
for %-in.; Moore Mtg. Co., $3; Chas. F. Ernst, $1.60. 

LEVEE WORK.—Shreveport, La.—The Caddo levee 
board has awarded the contract for 354,000 cu. yds. of 
levee work, from Magnolia to Grand Bend, at 12.74 cts. 
per cu. yd. 


ENGINEERING NEWS. 


BARBED WIRE.—Pittsburg: $1.90; 
plain, $1.20 for carloads at mill. 


FOUNDRY AND PIG IRON.—New York: $10.50 to 
$12.50. Pittsburg: $10 to $11. Chicago: $9.50 to $10.50. 

TRACK MATERIAL.—New York: angle bars, 1.1 to 
1.5 cts.; spikes, 1.45 to 1.6 cts.; track bolts, 1.75 to 
1.85 cts. with square, and 1.9 to 2 cts. with hexagon 
nuts. Chicago: angle bars, 1.2 to 1.3 cts.; spikes, 1.6 
to 1.7 cts.; track bolts, 1.9 to 2 cts., with hexagon 
nuts. 

RAILS.—New York: $22 at eastern mills and $22.75 at 
tidewater; old rails, $11 to $11.50 for iron, and $9.50 to 
$10 for steel; steel rails fit for relaying, $14; light rails, 
$20 to $22; girder rails, $24. Pittsburg: $22 for standard 
sections uf 45 lbs. and over; $23 for light sections; old 
rails, $12 to $12.50 for iron and $10 for steel. Chicago: 
$23 for standard sections; $25 for light sections; old 
ails, $10.50 to $11 for iron, and $7 to $9 for steel. 

STRUCTURAL MATERIAL,—New York: beams, 1.3 
to 1.5 cts.; channels, 1.35 to 1.5 cts.; angles, 1.2 to 1.35 
cts.; tees, 1.4 to 1.6 cts.; universal mill plates, 1.2 
to 1.35 cts.; steel plates, 1.2 to 1.3 cts. for tank, 1.35 
to 1.45 cts. for shell, 1.5 to 1.65 cts. for flange, 1.75 
to 2 cts. for ordinary firebox, 2 to 3 cts. for loco- 
motive firebox, Pittsburg: beams, 1.2 to 1.5 cts.; 
channels, 1.2 to 1.5 cts.; angles, 11 to 1.15 cts.; 


galvanized, 
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of Canandaigua Lake, being driven by electric pow 
from a central station in the city, 3% miles distan: 


J. M. MAYS & CO., of Philadelphia, Pa., makers 
the patent chilled point pile shoes with bent wru 
iron straps, illustrated in our issue of Sept. 20, 15), 
are now making these shoes in a variety of sizes a 
weights as follows: Octagonal point, 514 to 7 ins. ); 
of pile, 2 Sto 54 Ibs.; square point for 4 to 6'%-in. pile 
14 to 47 Ibs.; steel pile shoes, 9 to 11 ins., 17 to 50 |), 

THE MARYLAND STEEL CO., of Sparrow's Poi; 
Md., has nearly completed the iron gates for the Joc: 
on the Cascades Canal of the Columbia River, | 
Oregon. There are four pairs of gates, each gate |, 
ing 50 x 50 ft. and weighing about 120 tons. This «ci 
pany has the contract for boilers and a Corliss engi; 
of 1,000 HP. for the new tinplate works of the Stick 
ney Iron Co., at Baltimore, Md 

THE AUTO-PNEUMATIC RAILWAY SIGNAL (1) 
of Rochester, N. Y., writes us that its new pueumati 
interlocking plant at Mt. Morris, N. Y., on the Je! 
ware, Lackawanna & Western R. R., at the junctio 
ef the Western New York & Pennsylvania k. R 
about completed. We are informed that it is in 
many respects an improvement over the Buffalo pian 
described and illustrated in our issue of Dee. 21, 1s0:; 


THE ALEXANDER CAR REPLACER MFG. Cv 


tees, 1.2 to 1.25 cts.; universal mill plates, 1.05 to 1.15 
cts.; steel plates, 1.1 to 1.2 cts. for tank, 1.2 to 1.25 
cts. for shell, 1.25 to 1.3 cts. for flange, 1.75 to 2 ets. 
and ordinary firebox, and 2 to 4 cts. for locomotive fire- 
‘ my . > 5 . 4 
vitrified paving brick — it — of 6 ins. of 145 oan: atten LT ue ti eine — Wat Zee. 
concrete, has been awarued to J. BE. Miles, at $2.01 per nty a oa Oe aes ah oe a 228 ta 
99, yd. for McMahan, Porter & Co.'s pkaneet” rs untversal plates, 1.3 to 1.35 cts.; steel plates, 1.35 to 


Jermyn; Vice-Pres., JR. B. Williams; Man., Jolin A 
brick, the bids being as follows: - a tank, 1.5 to 2 cts. for flange, oto £6 ets. SS ee ee 


THE BERLIN IRON BRIDGE CO., of East Berlin 
SS _—_—— sl aornterainaec — Conn., has designed and built the new power plant 
os for the Nassau Electric Co., at South Brooklyn, N. \ 
The engine and dynamo room is 58 x 150 ft., equipped 
with a 13-ton crane, having a travel the full length of 
the building. This portion of the plant is covered 
with the company’s patent anti-condensatiwon corrn 
gater iron roof lining. The boiler room is 47 « 150 
ft., and is so arranged that 2,000 tons of coal can be 
stored in the pockets. The entire construction is of 
iron, and the buildings will be fire-proof. 

THE WILSON & BAILLIE MFG. CO., of Brooklyn, 
N. Y., states that its business for last year showed a 
large increase over former years, and the prospect 
for 1895 is that the business will largely exceed that 
of 1894. The tirm has orders in hand for 15 miles of 
patent machine made, egg-shape, flat-base sewer pipe 
and many large contracts for its Kosmocrete pave 
ments, notably the Brooklyn Bridge work, State A) 
mory at Utica, fire engine houses for the Fire Depart 
ment of Brooklyn, University Building, New York; 
water tower building, Brooklyn, and other large work 

NEW COMPANIES.—Improved Asphalt Pipe Co 
Bakersfield, Cal., $300,000, all paid in; H. I’. Williams 
John M. Keith and J. J. Mack. 

National Stock Car Co., Chicago, Ill; 
Wm. W. Smith and Lucien H. Green. 

Loew Filter Co., Cleveland, 0.; $10,000; 
Loew, Fred Bomonti and Leonard Balby. 

Railroad Supply Co., Chicago, Iil.; $1,000; W. FE 
Dunean, W. N. Wegg and D. M. Spencer. 

York Mfg. Co., York, Pa.; iron and steel work; $400 
000, with $40,000 paid in; Treas., Wm. L. Gratfelter 

Ewbank Car Fender Co., Baltimore, Md.; $150,000; 
Wm. J. Sneeringer, H. B. Ewbank and F. N. Baker. 

Indiana Oolitic Stone Co., Bloomington, Ind.; Pres., 
* ‘’ Voris, of Bedford; Secy., J. O. Finks, of Bed- 
ord, 

National Bigh-taty Pumping Engine Co., Chicago, 
Ill.; $100,u00; A. H. Mathesian, C. F. Smith, and A. J. 
Meyer. 

Cayadutta Brick Co., Gloversville, N. Y¥.; $60.00) 
Curtis 8S. Cummings, Oscar L. Everest and Albert M. 
Banker. 

Twin-Chemical Fire Engine Mfg. (o., Kansas City 
Kan.; $20,000; J. A. Clark, Geo. J. Twist, and Wim. 
Morrow. 

Berlin Machine Works, New York. N. Y.; 
0. Gantz, 
Johnson. 


of Scranton, Pa., is introducing a pressed steel car i 
placer or wrecking frog, which is already in use on ; 
number of railways, The No. 1 size is high enough fo; 
a 6-in. rail, weighs 120 ibs. per pair and costs S15: 
while the No. 2 size is high enough for a 5-in. paji. 
weighs 100 Ibs. per pair, and costs $14. Pres., Jos. J. 


BRIOK PAVING.—Easton, 
Engr., informs us that the contract for paving Nortn- 
ampton St., from Center Square to Fifth St., with 


Pa.—H. R. Fehr, Cy. 


Bids Received at Easton, Pa., for Paving with Vitrified Brick. 


Const'n 
Easton, 


Ruch & Co., 
Trenton, N.J. 
Pa. 
& 
Phila. 


ily Co., 


Grade 
of brick. 


, H. O. Duerr, 
ard Const’n & 


Miles, Easton, 
Sweeten & Son, 


iiladelphia. 


Manufacturer 


igh Valley Const’n 


heard & Siebler, 


Geo. W. 

Co., 

Easton, 
Wynkoop, 
Pa. 

Camden, N. J. 


Satterthwaite 


B. F. 


Standard.* 
Repressed. 
Pat. block, 
Ordinary. 
Rep'sed*‘A."’ 
és ope 

End cut. 
Repressed. 
Standard. 
Repressed. 
Repressed. 
Standard. 
Repressed. 
Standard. 
Standard. 
Repressed. 
Standard 
Standard. 
Repressed. 
Repressed, 


Dunn Bros., Scranton 


Mack Mfg. © 


= 


[Oi er ier WB 
SLs 


: = 


SP yy. Paving & 


=8s 
ac 


SOM. Honan, Chester, 
HA 
> tf 


Se 
» AGE 


Campbell & Wood 

Oliphant, Pope & Co..... 
Monongahela Shale Brick 
Scranton Shale Pvg.B. Co 
Canton Shale Exchange. 


R: 


SG00,000- 
Somerset & Johnsonburg. 
Brady Run Fire Clay Co. 
Clearfield Vitrified Brick. 
Kountz Shale Brick 
Keystone Brick Co 


Chas. H 


Hallwood Block 

Db. PB. Guise Brick 

Canton Royal Brick UOo.. 
oe re = “.. Repressed. 

Standard. 


4-in. curb, per lin. oe 
Curb reset, per lin. ft .08 


"158 
-22 
“ * Edward Korp, Phillipsburg, N. J., bid $2.23 on Mack Mfg. Co.’s standard brick; curb, 45 cts.; curb reset, 
* The Pennsylvania Construction Co., Allentown, Pa., bid $2.45 on Canton Shale Exchange’s repressed brick; 
cts.; curb reset, 2 Geo. F. Rehn & Co., Hornellsville, N. Y., bid $2.10 on Preston & Co.’s brick; 


=) cts, 
curb reset, 15 cts. 


“145 
-10 
10 ets. 


curb, 60 
curb, 40 cts.; 


"149 
115 


INDUSTRIAL NOTES. 


THE BUFFALO CAR MFG. CO., of Buffalo, N. Y.. 


OAST IRON PIPE.—Brockton, Mass.—The water 
commissioners have awarded a contract for 230 tons 
of cast iron pipe to the McNeal Foundry & Pipe Co., 


$2,000; W 
at $22.80 per gross ton, delivered in Brockton. This is 


Edgar W. Youmans, Jr., and Henry R. 


reported as 9 cts. less per ton than was paid last year. 

HYDRANTS.—-Milwaukee, Wis.—A contract for 125 
double-nozzle tire hydrants has been awarded to the 
Northwestern Wheel & Foundry Co., at $26 each. 

GRANITE PAVING BLOCKS.—Boston, Mass.—A 
contract for 300,000 large granite paving blocks has 
been awarded to the Rockport Granite Co., at $57.90 
per 1,000 blocks. 

SEWDRS.—Cedar Rapids, Ia.—The contract for con 
structing a four-ring brick sewer 12 ft. in diameter in 
BB. Ave. West, has been awarded to the Dubuque 
Construction Co., the bids being as follows: 


Sewer, Masonry, 
per lin. ft. per cu. yd 
Dubuque Construction Co.. $10.20 $5.95 
Berry & Welch, Iowa City. 17.46 6.00 
Fred. Bokorney............ 25.00 6.25 
ce wc cae worse 3.50 
Murray Brow....20sicccces 24.00 6.50 
BRICK PAVING.--Waterloo, Ia.—H. C. Schults, Cy. 
Clk., writes us that the following bids were received 
Feb. 25 for paving certain streets with two courses 
of brick, all the bids Deing rejected and new bids to 
be received March 11: 


Total. 


Bidder. 


Tw 
cts. cts. 
Si 50 
4914 4714 
47 45 
47 
001M, 47 s 
oti; See Se 
5Ol4 48, 


cts. 
Kenety & McCann, 
Geo. Kriecbbaum, Burlington. . 
Rockford (I11.) Const'n Co 
Kdwards & Walsh,* Davenport. . “ 5 
MeGugin & Schnitzer,** Davenport!.54 
H. L. Wheelan, Rock Island....1.41 
H. Besler,*** Cedar Rapids... .1.56 


Dubuque 
20 


1.43 


° Galesburg top, Lehigh bottom, $1.44. ** Galesburg top, 
Des Moines, bottom, $1.49%4. *** Two courses, Fort Dodge, 
$1.3214; Galesburg top, $1.51. 

METAL MARKET PRICES. 

New York: 3.07 to 3.1 ets. 
ets. St. Louis: 2.95 cts. 

NAILS.—Pittsburg: 90 cts. for wire, and 80 cts. for 
cut at mill in carload lots. 


Lehigh bottom, 


LEAD. Chicago: 2.9 to 


has an order for 1,500 box freight cars for the New 
York Central R. R. 

THE FIELD FORCE PUMP CO., of Lockport, N. 
Y., had its building destroyed by fire March 8, in- 
volving a loss of $25,000, 

THE ERIE CAR WORKS, of Erie, Pa., has been 
purchased by William Hamilton and John C. Knoll, 
and it is reported that the plant will be rebuilt. 

THE WESTINGHOUSE MACHINE CO.,ofPittsburg, 
Pa., will erect new shops at East Pittsburg, and pro- 
posals for their construction were opened March 11. 

THE ATLANTIC PAINT WORKS, Boonton, N. J., 
are manufacturing a paint from furnace slag which 
is said to be specially suitable for ironwork, bridges, 
boilers, and smokestacks. 

HENRY R. WORTHINGTON, New York, N. Y., has 
a contract from the New Haven Water Co., of New 
Haven, Conn., for a horizontal, high-duty pumping 
engine of 10,000,000 gallons daily capacity, which is 
to be in operation in July. 

THE MISSOURI DREDGE CO., of Kansas City, 
Mo., has been incorporated by W. T. Urie, N. M. Ma= 
tin and W. M. Martin, with a capital stock of $10,- 
000. This was ineorrectly noted as the Kansas City 
Dredge Co, in our issue of last week. 

THE BABCOCK & WILCOX CO., of New York, has 
a contract for boilers aggregating 2,000 HP. for the 
Johnson Co.'s new steel works at Lorain, O. The 
headers are to be of steel and the boilers will carry a 
working pressure of 200 Ibs. per sq. in. 

MORAN BROS., of Seattle, Wash., have notified the 
Navy Department that they have a plant and equip- 
ment of sufficient capacity for the construction of tor- 
pedo boats, and the firm will probably bid on some of 
the boats provided for by the new navy appropriation 
bill. 

THE INDIANA OOLITIC STON 
ganized by a number of quarry 
standard prices and to push the f 
stone for buildings. Pres., A. C. ris. of Bedford, 
Ind.; Treas.. Ira C. Bateman, loomington, Ind.; 
Secy., J. O. Finks, Bedford, Ind. 


THE GOULD’S MPG. CO., of Seneca Falls, N. Y., 
has a contract for a pumping plant of 3,000,000 gallons 
daily capacity for the water-works at Canandaigua, 
N. ¥. The pumps will be of the triplex type, with 
cylinders 12 x 12 Ins., and will be situated on the shore 


CO. has been or- 
ers to maintain 
uetion of ooliti«~ 


Lake Superior Elevator & Storage Co., West Supe 
rior, Wis.; $10,000; Jas. Bardon, P. S. Butler and 
Cc. L. Catlin. 

National Elevator & Machine Co., Scranton, Pa 
$20,000, with $2,000 paid in; elevators; Treas., James 
S. McAnulty. 

South Green Bay Land & Dock Co., Madison, Wis.: 
$1,000,000; James H. Elmore, F. A. Hollman and 
Frank Van Derger. 

Estey Wire Works Co., New York, N. Y.; $25.000; 
W. S. Estey, Cornelius P. McGuire, and John ©. Hes» 
ler, of Brooklyn, N. Y. 

War & Naval Appliances Mfg. Co.. Chicago, 
$25,000; armor plates; John F. Ballinger, 
Pullan and C, W. Haegg. 

Iron Clad Rheostat Co., Franklin, N. J.; $25,000, 
with $10 paid in; Jas. D. MeIntosh, of Franklin, and 
C. Fales. of Hoboken, N. J. 

River Furnace & Dock Co., Cleveland, 0.: $100,000: 
blast furnace, dock, ete.; Stevenson Burke, James 
Corrigan, and C. W. Marsh. t 

Faultless Gas Saver Co.. San Francisco, Cal.: 
$100,000, with $50,000 paid in; EB. J. Norris, A. K. 
Stevens and N. S. Femburg. J 

New Jersey Gas Appliance Co.. Hackensack .N. J.: 
$50,000, with $40,000 paid in; George Clair, Bdwin 
Wickstead and C. W. Biglow. 

Brandenburg Under-Car Electric Railway Co., Ch!- 
cago, Til: $5,000.000; George Brandenburg, Geo. W. 
Van Zandt and Wm. A. Youmans. 

Sutherland Pulverizer Co., New York, N. Y.; $100.- 
000: pulverizing and amalgamating machines; James 
———— I. L. V. Lewis and H. F. Gove, of Brook- 
lyn. N. Y. 

Finance & Construction Co., Jersey City. N. J.;_$100.- 
000, commencing with $1,000; Jas. D. Shields. Pater. 
son, N. J.: Henry Frohwitter and Michael Jacobs, of 
Brooklyn, N. Y. 

Montezuma Mining & Mfe. Co.. New York. N. Y.: 
$500.000, commencing with $109,000: Charles Andrews. 
of Zanesville. O.: T. D. Dale, of Marietta, and W. F. 
Dana, of Belpre. 

Laurentian Lumber Co. 
Y.: $550,000; George W. Robinson. James D. Leary 
and Eugene J. _— of New York; William Borth- 
wick, of Ottawa, Ont. 

North Stockton Townlot Co., Stocktony'Cal. ; $200,900. 
all paid In: streets, sewers. el ec railways, etc.: 
John N. Gale, of Stockton; William Katser, Max H. 
Greenburg and Robert Capelle, of San Francisco, 


Ill.: 
Rome RB. 


of Canada. New York, N. 








